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FOREWORD 


1.  The  purpose  of  this  seminar  was  to  provide  a forvim  for  hydrologic 
engineers,  planners,  economists,  and  others  to  discuss  the  best  means 
and  timing  for  Integrating  hydrologic  studies  Into  the  Corps  water 
resources  planning  process  by  exchanging  views  and  discussion  on  such 
topics  as: 

a.  Case  studies  of  Integrated  planning-hydrologic  studies.  The 
case  studies  may  Include  either  a discussion  of  a unique  problem  and 
Its  solution  or  a discussion  of  existing  procedures  as  applied  to  an 
unusual  problem. 

b.  State  of  the  art  of  correlation  of  project  hydrologic  outputs 
with  planning  objectives  such  as  national  and  regional  Income,  envi- 
ronmental quality,  and  social  well-being. 

c.  Development  and  application  of  Integrated  hydrologic-economic 
computer  models. 

d.  Role  of  hydrologic  engineering  In  plan  formulation  and  eval- 
uation. 


e.  Hydrologic  engineering  data  and  analysis  requirements  In  plan 
formulation  and  evaluation. 

f . Application  of  hydrologic  engineering  techniques  In  planning 
for  flood  plain  management. 

2.  Papers  and  discussions  are.  In  general,  frank  evaluations  by  the 
authors  and  are  not  official  Corps  documents.  The  views  and  conclu- 
sions expressed  herein  are  those  of  the  Individual  seminar  partici- 
pants, and  are  not  Intended  to  modify  or  replace  official  guidance  or 
directives  such  as  engineer  regulations,  manuals,  circulars,  or 
technical  letters  Issued  by  the  Office  of  the  Chief  of  Engineers. 


SEMINAR  ON 

HYDROLOGIC  ASPECTS  OF  PROJECT  PLANNING 
INTRODUCTORY  REMARKS 
by 

AUGUSTINE  J.  FREDRICH 
Chief,  Planning  Analysis  Branch 
The  Hydrologic  Engineering  Center 


I want  to  welcone  you  to  The  Hydrologic  Engineering  Center  and  to  the 
beautiful  city  of  Davis.  He  hope  that  this  seminar  on  Hydrologic  Aspects 
of  Project  Planning  will  be  fruitful  In  describing  the  nature  of  the 
problems  to  the  profession  and  In  stimulating  Interest  and  thought  on 
your  part  that  can  be  directed  toward  the  solution  of  these  problems. 

This  Is  the  fifth  seminar  of  this  type  that  has  been  conducted  In  the 
Center.  Perhaps  It  would  be  of  value  to  review  very  briefly  the  purposes 
and  functions  of  the  HEC  and  how  a seminar  of  this  type  fits  Into  our 
general  program. 

The  Center  has  four  basic  missions:  Research,  Training,  Methods 
Systemlzatlon,  and  Special  Assistance.  Research  activities  are  directed 
toward  the  solution  of  problems  that  have  developed  In  recent  years 
because  of  the  Increased  Interest  and  activity  In  water  resources  develop- 
ment. I am  sure  that  the  presentations  and  discussions  In  this  seminar 
will  Illustrate  the  extreme  complexity  of  some  of  these  problems,  which 
are  associated  with  the  great  diversity  of  hydrologic  phenomena,  economic 
factors,  legal  and  Institutional  constraints,  and  social  needs. 

The  Training  program  of  the  Center  Is  Intended  to  familiarize 
engineers  throughout  the  Corps  with  the  new  techniques  and  to  train  the 
younger  engineers  In  the  traditional  methods,  as  well  as  In  the  new 
techniques.  This  program  Is  Implemented  primarily  with  a series  of 
eight  or  ten  formal  training  courses  per  year,  each  lasting  about  2 weeks 
and  covering  a special  area  of  hydrologic  engineering.  These  courses  are 
supplemented  by  Individual  training  tailored  to  specific  needs,  as  well 
as  by  seminars  such  as  this. 

The  Methods  Systemlzatlon  program  of  the  Center  is  intended  to  develop 
manuals,  step-by-step  Instructions,  and  computer  programs  that  can  be 
readily  used  In  each  office  for  training  as  well  as  for  actual  design  and 
operation  studies. 
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The  Special  Assistance  program  provides  consulting  services  on  specific 
problems  associated  with  authorized  reports  and  projects  In  the  various 
Corps  offices.  It  Is  these  special  problems  that  Instigate  a good  deal  of 
the  research  and  provide  excellent  means  of  testing  the  results  of  research 
and  methods  systemlzatlon  work. 

This  particular  seminar  topic  was  selected,  because  the  problems 
associated  with  hydrologic  analysis  for  project  planning  are  extremely 
complex  and  because  new  solution  techniques  show  considerable  promise  but 
have  not  yet  been  demonstrated  to  apply  effectively  and  generally  to  some 
Important  problems  that  exist.  The  gap  between  origination  of  new  tech- 
niques and  their  Implementation  In  planning  Is  not  due,  as  many  may  think, 
principally  to  reluctance  or  lack  of  understanding  on  the  part  of  the 
planner,  but  rather  to  the  fact  that  the  development  process  of  applying 
new  techniques  to  real  problems  Is  difficult  and  time-consuming.  Conse- 
quently, a major  objective  of  this  seminar  Is  to  outline  to  the  profession 
the  real  nature  of  these  problems,  so  that  application  of  new  techniques 
can  be  facilitated. 

The  purposes  of  this  seminar  are  to  provide  statements  of  specific 
problems  In  hydrologic  analysis  for  project  planning  that  face  the  Corps 
of  Engineers  today,  to  describe  the  solution  techniques  that  are  currently 
Implemented,  and  to  discuss  the  potential  development  of  the  technology. 

I hope  that  each  of  you  will  keep  these  points  In  mind  as  you  make  your 
presentation.  We  hope  that  while  you  are  here  you  will  become  acquainted 
with  the  staff  at  the  Center  and  with  the  work  that  we  are  doing.  If  there 
Is  any  way  that  we  can  help  In  regard  to  your  accommodations  or  travel  or 
other  matters  while  you  are  here,  please  let  us  know. 
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HYDROLOGIC  EIKINEERING  TECHNIQUES:  ARE  THEY 
RESPONSIVE  TO  PLANNING  REQUIREMENTS? (A) 

By 

Augustine  J.  Fredrlch^®^ 


INTRODUCTION 


During  the  past  two  decadas  the  coaplexlty  of  water  resources  planning 
has  Increased  significantly.  In  addition  to  the  complexities  resulting 
from  the  requirements  for  considering  factors  that  were  not  considered 
20  years  ago  (and  the  number  and  significance  of  these  alone  would  probably 
reduce  to  relative  unimportance  problems  that  were  once  considered  to  be 
of  major  Importance),  there  are  complexities  that  result  solely  from  the 
development  that  has  occurred  during  the  past  25  or  30  years.  Because  of 
this  development,  problems  that  would  have  been  "simple"  project  planning 
problems  20  years  ago  now  become  complex  comprehensive  planning  problems 
that  require  consideration  of  the  Integrated  effects  of  existing  and  pro- 
posed developments. 

Despite  this  Increase  In  complexity  of  planning  studies,  It  appears 
that  the  technical  studies — Including  the  hydrologic  Investigations— which 
fon  tha  basis  for  the  overall  planning  effort  have  been  continually  modified 
^ improved  so  that  the  Increase  In  technological  capability  has  at  least 
kept  pace  with  the  Increase  In  complexity.  Improvements  In  technical  method- 
ology have  resulted  from  Increased  understanding  of  physical  processes, 
bstter  conceptuallsstlon  of  the  physical  processes  for  use  In  engineering 
and  planning  studies,  and  Increases  In  avallsblllty  and  utility  of  electronic 
computers  for  engineering  studies.  Beard  (1)  and  Fredrlch  and  Hawkins  (2) 
have  discussed  the  Impact  of  changes  In  technology  on  the  techniques  used 
for  hydrologic  engineering  Investigations.  Beard  suggests  that  only  through 
Intell^ent  application  of  the  electronic  computer  can  the  hydrologic  engineer 
maintain  analytical  capability  that  Is  commensurate  with  the  ever-expanding 
problem  complexity.  Fredrlch  and  Hawkins  Indicate  that  the  changes  In  plan- 
ning study  requirements  and  recent  Innovations  In  computers  and  In  hydrologic 
theories  have  created  an  atmosphere  conducive  to  the  development  of  new 
hydrologic  engineering  techniques. 


(A) . 

For  presentation  at  the  HEC  Seminar  on  Hydrologic  Aspects  of  Project 
Plsnnlng. 

(B) 

Chief,  Planning  Analysis  Branch,  The  Hydrologic  Engineering  Center, 
Davis,  California. 
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Although  technology  Is  definitely  changing  In  fields  such  as  hydro- 
logic  engineering,  and  despite  the  fact  that  these  changes  are  probably 
occurring  at  least  as  fast  as  the  requlrenents  for  planning  studies  are 
changing.  It  Is  worthwhile  to  examine  the  question  of  whether  technological 
changes  are  really  responsive  to  the  changes  In  requirements  or  whether 
they  are  merely  changes  which  produce  the  same  old  solutions  at  a lower 
cost  or  in  a shorter  time.  For  if  the  latter  Is  true,  there  Is  undoubt- 
edly a limit  to  the  effort  which  sould  be  devoted  to  producing  this  type 
of  change.  Although  efficiency  Is  certainly  a worthwhile  objective  In 
soste  cases,  there  usually  comes  a time  when  additional  efficiency  Is  not 
only  not  trarthwhile  but  also  counterproductive.  That  Is,  It  Is  not  only 
futile  to  build  a better  mousetrap  If  mice  are  no  longer  a problem,  but 
it  is  also  wasteful  to  devote  resources  to  mousetrap  Improvement  if 
cockroaches  are  the  cause  for  concern. 


HYDROLOGIC  ENGINEERING  TECHNIQUES 


In  general  the  types  of  hydrologic  engineering  methods  used  In  conjunc- 
tion with  planning  studies  can  be  classified  in  three  categories  according 
to  the  objective  of  the  hydrologic  Investigation:  development  and  analysis 
of  basic  hydrologic  data;  development  and  analysis  of  criteria  and  project 
features  based  on  hydrologic  variables;  and  analysis  of  effects  of  hydro- 
logic  variations  on  alternative  plans  of  development.  The  first  category 
Includes  such  hydrologic  Investigations  as  streamflow  frequency  analysis, 
regional  correlation  studies,  estimation  of  flows  from  ungaged  areas,  and 
streamflow  simulation.  The  second  category  includes  investigations  such 
as  unit  hydrograph  and  loss  rate  determinations,  computations  of  hypothe- 
tical floods,  and  some  types  of  channel  and  reservoir  routing  studies. 

The  third  category  consists  primarily  of  various  types  of  hydrologic  simu- 
lations such  as  reservoir  operation  stadias,  water  surface  profile 
determinations,  and  flood  hydrograph  routing  and  coidslnlng. 

In  most  Instances  hydrologic  engineers  have  proceeded,  more  or  less 
Independently,  to  Improve  existing  techniques  or  to  develop  new  techniques 
in  the  first  two  categories  without  much  consultation  with  other  technical 
specialists.  The  rationale  for  this  has  been  that  the  hydrologic  engineer 
Is,  In  general,  the  direct  user  of  the  output  from  the  techniques.  Conse- 
quently, he  Is  the  person  most  qualified  to  assess  both  what  Is  available 
as  Input  and  trhat  Is  required  as  output.  To  the  extent  that  he  Is  cognisant 
of  the  ultimate  use  of  the  results  of  his  study  and  the  effect  that  this 
use  should  have  on  the  techniques  employed,  there  Is  no  question  that  he  Is 
solely  qualified  to  develop  or  select  the  proper  technique  for  use  In  either 
of  the  first  two  categories. 
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IMPACT  OF  PLANNING  OBJECTIVES 


Despite  the  facts  that  objectives  of  planning  Investigations  have 
been  shifting  continuously  for  the  nast  30  years  and  that  some  of  the 
shifts  have  been  of  major  magnitude,  the  impact  of  the  shifts  on  hydro- 
logic  Investigations  of  the  first  two  types  have  been  very  small.  In 
most  cases  the  ultimate  planning  objectives  are  so  far  removed  from 
basic  analyses  such  as  these,  that  extreme  changes  In  objectives  can 
be  accommodated  with  little  or  no  change  In  technology  at  this  level. 

This  is  particularly  true  in  the  case  of  techniques  for  developing  and 
analyzing  basic  hydrologic  data.  Most  frequently  changes  In  techniques 
for  accomplishing  this  type  of  work  result  from  advancements  In  the 
technology  Itself  (such  as  methods  for  streamflow  simulation)  or  from 
the  availability  of  better  "tools"  for  accomplishing  the  work  (such  as 
the  availability  of  electronic  computers).  Nevertheless,  even  at  this 
level  there  are  sometimes  Instances  where  a change  In  planning  objectives 
can  demand  changes  in  technology,  even  at  a very  basic  level.  For  Instance, 
the  adoption  of  the  comprehensive  basin  planning  philosophy  had  a major 
Impact  on  the  hydrologic  data  requirements  for  planning  studies . The 
result  was  an  Increase  In  emphasis  on  regional  correlation  analyses  and 
the  development  of  techniques  that  would  provide  coordinated  estimates 
of  streamflow  quantities  at  numerous  points  within  a basin. 

Although  there  are  situations  In  which  the  change  In  planning  objectives 
stimulate  new  developments  in  hydrologic  engineering  methods  at  the  basic 
data  analysis  level, It  is  not  usually  necessary  for  the  hydrologic  engineer 
to  consult  extensively  with  planners  to  ascertain  the  specific  requirements 
for  the  new  techniques.  A perceptive  hydrologic  engineer  would  probably 
discern  the  shift  in  emphasis  and  the  resultant  Impact  on  requirements  for 
hydrologic  data,  but  he  might  find  It  necessary  to  consult  with  planners  to 
establish  the  requirements  for  relative  accuracy  of  the  hydrologic  data 
because  of  the  large  Influence  of  the  planning  study  objectives  on  data 
accuracy  needs. 

As  the  results  of  hydrologic  engineering  Investigations  become  more 
the  input  into  a planning  analysis  rather  than  the  input  Into  another  hydro- 
logic  analysis,  there  Is  an  Increase  In  the  extent  to  which  the  hydrologic 
engineer  must  coordinate  modifications  of  existing  techniques  and  development 
of  new  techniques.  Hydrologic  Investigations  which  are  closely  associated 
with  important  planning  decisions  can  be  greatly  influenced  by  relatively 
minor  changes  in  planning  objectives,  and  the  hydrologic  engineer  must 
coordinate  closely  with  planners  to  Insure  that  the  hydrologic  studies 
are  relevant  to  and  commensurate  with  the  planning  objectives. 


TRENDS  FROM  THE  PAST 

Computer  programs  that  Incorporate  many  of  the  existing  hydrologic 
engineering  techniques  have  enabled  the  hydrologic  engineer  to  provide 


quick  answers  to  traditional  problems  at  a relatively  low  cost.  In  tba 
earliest  comprehensive  planning  efforts,  these  answers  were  incorporated 
Into  the  overall  studies  to  the  satisfaction  of  both  the  engineer  and 
the  planner. 

As  the  scope  of  the  comprehensive  study  Increased  and  as  more  bene- 
ficial uses  of  water  began  to  be  considered,  It  became  apparent  that 
computerization  of  existing  techniques  would  not  completely  satisfy  the 
emerging  requirements.  Not  only  were  existing  techniques  Inadequate  for 
supplying  answers  to  the  relatively  new  problems — It  was  discovered  that 
In  many  instances  the  answers  produced  by  traditional  techniques  were  not 
consistent  with  the  scope  and  objectives  of  the  comprehensive  study. 
Consequently,  money  and  time  were  being  consumed  In  the  production  of 
answers  which  were  not  always  really  commensurate  with  the  requirements 
for  the  overall  study.  Thus,  It  became  apparent  that  the  real  need  was 
for  new  techniques — techniques  developed  with  consideration  being  given 
to  the  ultimate  applications  of  the  results  and  which  would  employ  the 
capabilities  of  the  computer  to  go  beyond  techniques  primarily  oriented 
toward  manual  computation. 

Several  factors  have  traditionally  Influenced  the  development  of  new 
hydrologic  techniques.  First,  there  have  been  notable  communication  failures 
between  persons  responsible  for  overall  planning  of  a study  and  persons  respon- 
sible for  conducting  the  hydrologic  analyses.  Differences  In  planning 
objectives  are  not  always  effectively  communicated  to  the  hydrologic  engineer, 
and  consequently  there  are  too  many  Instances  where  the  hydrologic  analyses 
are  not  completely  responsive  to  the  overall  study  needs.  Expensive  restudles 
are  sometimes  required  and  the  overall  study  progress  can  be  delayed  until 
they  are  completed.  On  the  other  hand,  the  hydrologic  engineer  sometimes 
falls  to  clearly  identify  the  problems  associated  with  the  analysis  of  basic 
hydrologic  data.  When  this  happens,  the  planner  Is  unable  to  properly 
program  the  hydrologic  analyses,  and  the  usual  result  Is  that  the  time 
and  funds  allowed  for  hydrologic  analyses  are  not  adequate. 

Another  factor  which  has  adversely  affected  the  development  of  new 
techniques  Is  the  Imposition  of  arbitrary  standards  of  accuracy  or  relia- 
bility upon  the  results  produced  by  new  techniques.  Hydrologic  engineers 
and  water  resources  planners  must  work  together  to  clearly  Identify  the 
significance  and  limitations  of  results  from  new  procedures  rather  than 
to  unilaterally  Impose  arbitrarily  high  standards  of  accuracy  which  might 
not  be  consistent  with  the  Intended  use  of  the  results  or  with  the  accuracy 
of  the  available  basic  data. 

Finally,  the  development  of  new  techniques  has  been  Impeded  when 
engineers  or  planners  refuse  to  deviate  from  traditional  techniques. 
Irrespective  of  the  applicability  or  utility  of  the  techniques  to  the 
problem  at  hand.  As  long  as  this  attltute  exists,  there  Is  little  oppor- 
tunity for  Innovative  engineering  work  to  respond  to  new  challenges. 
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DEVELOPMENT  OF  NEW  TECHNIQUES 


In  the  previously  referenced  paper  by  Fredrlch  and  Hawkins  (2)  the 
factors  which  are  Important  considerations  In  the  development  of  new 
techniques  are  discussed  as  follows: 

"The  developers  of  the  methods  must  have  a thorough 
understanding  of  the  problem  to  be  solved,  the  data  avail- 
able for  use  In  the  solution,  the  time  and  funds  constraints 
which  will  be  Imposed  upon  the  users,  and  the  potential 
uses  of  the  results.  The  engineers  who  will  actually  employ 
the  techniques  must,  of  course,  understand  the  application 
of  the  technique,  develop  the  required  data,  be  able  to 
explain  how  the  method  was  used,  and  be  capable  of  describ- 
ing the  accuracy  or  reliability  of  the  results  and  the 
limitations  on  their  use.  The  persons  responsible  for 
directing  the  planning  study  must  Insure  that  the  scope 
and  objectives  of  the  planning  are  fully  understood, 
develop  chronological  schedules  and  fund  allotments  which 
are  consistent  with  the  required  hydrologic  analyses, 
acquire  an  understanding  of  the  technique  and  the  results 
In  order  to  Insure  proper  Integration  of  the  results  Into 
the  overall  effort,  and  develop  a means  of  presenting  the 
results  In  a way  which  minimizes  the  possibility  of  Invalid 
use  of  the  results  without  destroying  the  credibility  of 
the  work  for  Its  Intended  purposes." 

Hydrolo'>lc  Investigations  would  always  be  In  near-perfect  harmony 
with  planning  objectives  If  the  above-described  guidelines  were  always 
considered.  However,  It  appears  that  this  Is  not  always  the  case — In 
fact.  It  appears  that  In  some  cases  the  hydrologic  engineers  and  planners 
are  both  Intent  on  extending  their  respective  "spheres  of  Influence"  to 
cover  as  much  of  the  other's  discipline  as  possible.  This,  of  course, 
will  almost  always  be  disastrous.  Planning  study  objectives,  which  are 
often  dictated  by  law,  cannot  be  modified  to  accommodate  an  unresponsive 
result  from  a hydrologic  Investigation,  and  hydrologic  principles  cannot 
be  abandoned  to  accommodate  an  unfounded  planning  supposition. 

Developers  of  new  hydrologic  techniques  must  rely  on  advice  and  guid- 
ance from  planners  who  will  use  the  techniques  or  the  results  of  the 
techniques.  If  they  do  not,  they  may  find  themselves  In  the  role  of  a 
consultant  rather  than  that  of  a team  member  or  partner  In  the  planning 
study.  VThen  this  occurs  the  most  likely  outcome  Is  that  which  Is  so 
aptly  Illustrated  by  a recent  television  commercial.  The  proponent  of 
a new  technique  encourages  "Try  It,  you'll  like  It"  and  the  embittered 
user  later  bemoans  "So  I tried  It.  Thought  I was  going  to  die." 


ARE  HYDROLOGIC  ENGINEERING  TECHNIQUES  RESPONSIVE? 


I think  that,  in  general,  hydrologic  engineering  techniques  have 
been  responsive  to  planning  requirements,  but  I think  that  a major  reason 
for  this  Is  that  the  hydrologic  factors  In  planning  problems  dominated  the 
problems  to  the  extent  that  they  received  a great  deal  of  attention  and 
a relatively  large  portion  of  the  total  budget  for  technical  studies. 

Also,  many  of  the  water  resources  planners  In  the  past  have  had  strong 
hydrologic  engineering  backgrounds.  Consequently,  they  were  aware  of 
and  attentive  to  the  hydrologic  factors,  and  could  communicate  readily 
with  the  hydrologic  engineer  about  the  specifics  of  many  problem  areas. 

In  a sense,  hydrologic  engineers  were  at  the  leading  edge  as  the  scope 
of  water  resources  planning  expanded. 

Now,  however,  the  number  of  factors  to  be  considered  In  even  a project 
planning  study  is  so  large  that  hydrologic  problems  no  longer  dominate 
the  picture.  Also,  the  funding  for  water  resources  planning  efforts  has 
not  Increased  rapidly  enough  to  satisfy  the  needs  for  Investigations  In 
every  pertinent  technical  area,  and  the  proportion  of  funds  available 
for  "well-understood"  problems  Is  continuously  decreasing.  Furthermore, 
persons  in  high  planning  echelons  now  may  have  followed  any  of  a number 
of  career  avenues  to  reach  their  present  position.  Hydrologic  engineers 
can  no  longer  claim  almost  complete  domination  of  the  planning  field. 

The  cumulative  effect  of  all  these  changes  could  well  be  a serious 
decrease  in  the  responsiveness  of  hydrologic  engineering  techniques  to 
planning  problems.  Already,  there  are  signs  that  hydrologic  engineers 
are  falling  to  produce  efficient  and  effective  techniques  for  use  In 
planning  problems  that  are  of  current  Importance.  We  are  struggling  in 
urban  hydrology,  we  are  stumbling  In  flood  plain  and  flood  Insurance 
hydrology,  we  are  lagging  In  hydrologic  studies  for  environmental  problems, 
and  we  are  groping  for  techniques  to  more  effectively  analyze  natural  and 
man-modified  hydrologic  systems.  In  short,  we  seem  to  be  reacting  rather 
than  anticipating.  <l<Ihen  situations  are  changing  rapidly.  It  Is  very  diffi- 
cult to  be  responsive  by  simply  reacting — anticipation  is  essential  to 
responsiveness . 

In  order  to  anticipate  the  need  for  new  or  modified  hydrologic 
engineering  techniques,  we  must  Identify  potential  problems  early  enough 
to  provide  some  lead  time  in  which  to  develop  solutions.  However,  antici- 
pation alone  will  not  suffice.  The  necessity  for  Innovation  must  be 
communicated  to  planners  and  other  technical  specialists  so  that  their 
Insights  and  evaluations  can  be  considered  during  the  development  of  the 
new  techniques. 

Although  the  emergence  of  many  new  areas  of  technical  consideration 
has  diluted  the  relative  Importance  of  hydrologic  engineering  In  water 
resources  planning,  the  fundamental  Importance  is  unchanged.  Regardless 
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of  the  number  of  disciplines  which  will  have  to  be  considered  in  the 
future,  the  basic  necessity  for  understanding  the  occurrence  and  move- 
ment of  water  in  the  natural  environment  and  the  reaction  of  natural 
water  systems  to  man’s  activities  will  persist.  The  role  of  hydrologic 
engineering  in  future  water  resources  planning  will  depend  on  how  well 
we  respond  to  the  changes  in  what  is  demanded  of  us. 


REFERENCES 


1.  Beard,  Leo  R.,  Closing  the  Technology  Gap,”  Proceedings  of  A Seminar 
on  Computer  Applications  in  Hydrology,  The  Hydrologic  Engineering 
Center,  Davis,  California,  1971. 

2.  Fredrlch,  Augustine  J.  and  Hawkins,  Edward  F.,  "Hydrologic  Engineering 
Techniques  for  Regional  Water  Resources  Planning,"  Water  Resources 
Bulletin,  American  Water  Resources  Association,  Vol.  6,  No.  2.  April 

1 O 7A  r r 9 


HYDROLOGIC  ENGINEERING  TECHNIQUES: 

ARE  THEY  RESPONSIVE  TO  PLANNING  REQUIREMENTS? 


Question.  Mr.  Auburg:  There  has  been  an  artificial  distinction  between 
"hydrologic  engineering"  and  the  planning  process.  The  implication 
is  that  hydrologic  engineering  is  something  above  or  separate  from 
other  analyses  required  to  complete  the  planning  process.  Would  you 
comnent  on  that? 

Reply.  Mr.  Fredrlch:  First,  let  me  say  that  I don't  think  that  the 

distinction  between  hydrologic  engineering  and  the  planning  process 
is  at  all  artificial.  It  seems  to  me  that  hydrologic  engineering 
is  one  of  the  many  technical  areas  Involved  in  the  planning  of 
water  resources  development  - a very  important  area  and  one  th.-xt 
is  quite  distinct  from  the  planning  process.  There  are  numerous 
hydrologic  engineering  functions  that  are  not  concerned  in  any  way 
with  planning  of  water  resources  projects  or  systems.  Hydrologic 
studies  for  flood  operation  and  flood  forecasting  are  examples  of 
functions  that  are  not  planning-related.  If  I implied  that 
hydrologic  engineering  is  "above"  the  other  analyses,  I did  not 
mean  to  do  so.  There  is  certainly  no  question  as  to  the 
importance  of  hydrologic  engineering  in  water  resources  planning 
since  it  is  the  field  of  endeavor  that  encompasses  the  various 
types  of  studies  that  deal  with  the  primary  resource  being  dealt 
with  - water.  However,  I certainly  wouldn't  want  to  have  my 
remarks  interpreted  to  imply  that  I feel  that  economics,  found- 
ation engineering,  structural  engineering,  or  any  of  the  other 
technical  areas  are  subordinate  to  hydrologic  engineering. 


Comment,  Mr.  Harrison;  In  solving  a complex  planning  problem,  it  is  not 
useful  to  categorize  each  individual  rigidly  within  a field  of 
specialization  in  which  he  is  expected  to  contribute  to  the  plan. 
What  is  useful  is  that  each  individual  be  identified  according  to 
his  particular  expertise,  and  that  he  also  share  in  the  full 
responsibility  for  defining  the  problem  and  contributing  to  the 
final  solution.  Including  the  report,  the  design  and  construction, 
the  construction,  and  the  operation  after  construction.  I think 
this  concept  of  shared  responsibility  will  lead  us  to  the  solution 
we  seek. 

Reply,  Mr.  Fredrlch;  I fully  agree  with  the  idea  of  shared  respon- 
sibility as  described  by  Mr.  Harrison.  There  is  no  doubt  in  my 
mind  that  it  is  wrong  to  attempt  to  solve  a complex  planning 
problem  by  limiting  each  individual  to  a narrow  specific  area  of 
work  or  by  limiting  the  analyses  for  a given  technical  area  to  a 
few  specialists.  I think  we  are  talking  about  the  difference 
between  multl-desclplinary  and  interdisciplinary,  and  the  latter 
seems  to  me  to  be  the  more  productive  - just  as  you  suggest. 
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Question.  Mr.  Gaum;  (1)  What  is  a hydrologist-hydrologic  engineer; 
what  are  his  areas  of  experience;  and  what  Is  his  role  In  planning? 
(2)  What  Is  the  answer  to  the  question  In  the  title  of  the  paper? 

Reply.  Mr.  Fredrlch:  (1)  To  me  there  is  a distinction  between  the 
terms  hydrologist  and  hydrologic  engineer.  A hydrologist  Is  a 
scientist  who  studies  the  occurrence  and  movement  of  water  In  the 
hydrologic  cycle  - that  Is,  In  the  atmosphere,  on  the  earth's 
surface,  and  beneath  the  earth's  surface.  A hydrologic  engineer, 
on  the  other  hand.  Is  an  engineer  who  understands  the  science  of 
hydrology  and  who  uses  this  understanding  - together  with  an 
understanding  of  basic  engineering  principles  - In  technical 
studies  associated  with  the  planning,  design,  and  operation  of 
water  resources  developments.  His  experience  would  Include 
academic  and  on-the-job  training  In  both  hydrology  and  engineering 
and  In  other  technical  fields  that  are  required  for  the  particular 
type  of  hydrologic  engineering  work  he  performs.  These  fields  could 
Include  such  areas  as  water  chemistry,  meteorology,  geology, 
economics  and  hydraulics.  I think  the  hydrologic  engineer's 
role  in  planning  must  be  determined  by  his  functional  responsibility 
In  the  particular  organization  where  he  works.  In  some  cases  he 
will  be  Involved  In  plan  formulation  and  broad  evaluation  of 
alternative  plans  of  development.  In  others  he  will  be 
little  more  than  a technical  specialist  performing  specific 
studies  of  very  limited  scope.  I personally  feel  that  the  former 
role  Is  more  appropriate  than  the  latter. 

(2)  As  I stated  ~maybe  not  too  clearly  - In  the  suiimary  of  my  paper, 
I feel  that  hydrologic  engineering  techniques  have  generally  been 
responsive  to  planning  requirements  In  the  past,  but  I think  the 
planning  requirements  are  changing  rapidly  and  I am  not  sure  that 
hydrologic  engineering  techniques  are  changing  rapidly  enough  to 
keep  pace.  Consequently,  there  Is  a real  danger  that  we  (hydro- 
logic  engineers)  will  soon  find  ourselves  In  the  position  of  not 
being  able  to  fully  respond  to  planning  requirements . 

Comnent,  Mr.  Gaum;  Don't  plan  In  Isolation.  Communicate  with  other 
disciplines  prior  to  detailed  hydrologic  studies. 
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Question,  Mr.  Antle;  Isn't  one  of  the  basic  difficulties  in  project 

planning  the  lack  of  interplay  with  other  disciplines?  For  instance, 
future  runoff  coefficients  are  heavily  dependent  upon  land  use  and 
design  criteria  of  new  developments.  Is  this  solely  the  province  of 
hydrologic  analysis? 

Reply,  Mr.  Fredrich;  I agree  that  one  of  the  basic  difficulties  in 
planning  has  been  the  lack  of  adequate  communication  among  various 
disciplines.  However,  in  your  example  of  runoff  coefficients  for 
future  developments,  I'm  not  sure  Just  how  much  Interplay  there 
should  be.  I would  say  that  the  determination  of  the  runoff 
coefficients  is  the  direct  responsibility  of  the  hydrologic  engineer, 
a..  1 that  this  determination  should  be  based  on  analyses  of  the 
changes  in  hydrologic  response  of  watersheds  as  they  undergo 
development.  This,  to  my  mind,  is  a straightforward  hydrologic 
determination.  Now,  if  you  are  suggesting  that  the  hydrologic 
engineer  should  consult  with  planners,  sociologists,  economists, 
and  others  about  anticipated  changes  in  a watershed  before 
defining  the  conditions  upon  which  the  selection  of  an  appropriate 
coefficient  should  be  based  in  a particular  case,  I would  certainly 
agree. 
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REGIONAL  PLANNING  POTENTIAL  OF  DETERMINISTIC 
HYDROLOGIC  SIMULATION  MODELS 

By 

Bob  0.  Benn* 

1.  The  determination  of  acceptable  uses  of  land  for  Industry,  agricul- 
ture, forestry,  recreation,  transportation,  living  space,  etc.,  can  be  made 
only  after  studying  the  interaction  of  a large  number  of  resource  parameters 
(natural,  technological,  labor,  finance,  etc.).  Land  use  and  resource 
parameters  are  dynamic;  therefore,  land  analysis  cannot  be  done  once  and 

for  all,  but  must  b«  updated  as  raquirad  for  daclaion  making.  Tha  datatmina- 
tion  of  land  use  in  the  modem  society  must  be  aimed  at  obtaining  maximum 
benefit  for  specific  purposes  without  undue  detriment  to  other  purposes. 

This  paper  addresses  the  development  of  procedures  for  predicting  the  inter- 
action of  phenomena  in  complex  environmental  systems  concerning  large  land 
areas.  These  predictions  provide  the  basis  for  value  judgments  concerning 
the  degree  of  optimization  that  can  be  allowed  for  one  land  use  at  the  ex- 
pense of  others. 

2.  The  Terrain  Analysis  Branch,  Mobility  and  Environmental  Division, 
Waterways  Experiment  Station  (WES) , has  been  engaged  for  the  past  10  years  in 
research  to  develop  analytical  procedures  for  predicting  quantitatively  the 
performance  of  men  and  machines  in  various  military  operational  environments. 
During  the  course  of  this  research  a concept  for  area  analysis  applicable  to 
both  military  and  civil  projects  has  evolved.  The  steps  required  in  this 
concept  to  make  an  area  evaluation  for  specific  purposes  are  as  follows:^ 

Step  1.  Development  of  performance  prediction  models.  This  involves 
the  development  of  mathematical  simulation  of  the  interaction 
of  the  activity  and  the  environment.  For  exaiq>le,  the  cross- 
country locomotion  model  developed  at  WES  simulates  a vehicle 
traversing  specific  terrains  and  predicts  its  speed. 

Step  2.  Acquisition  of  environmental  inputs  to  the  performance  pre- 
diction models.  In  Step  1,  specific  quantitative  environ- 
mental factors  were  identified  as  input  requirements  to  the 
mathematical  expression.  The  areal  distribution  of  the 
factors  must  be  determined  at  a scale  or  degree  of  detail 
commensurate  with  model  requirements,  and  the  factors  then 
must  be  synthesized  and  stored  for  efficient  manipulation. 

Many  of  the  factors  required  are  dynamic  and  often  have  to 
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be  predicted  ualxig  models  of  the  phenomenology  Involved, 
l.e.  in  many  Instances  the  dynamics  of  the  Input  variables 
are  controlled  by  the  hydrology  of  the  area.  For  example. 

In  the  case  of  the  land  locomotion  model,  the  water  width 
and  depth  of  streams  are  environmental  input  parameters. 

Step  3.  Display  of  the  performance  predictions  over  the  area  of 

Interest  in  a form  that  is  nonambiguous  and  easy  to  interpret. 

3.  The  model  is  considered  the  keystone  to  the  area  evaluation  process, 
and  considerable  research  and  engineering  are  devoted  to  this  development. 

For  example,  several  comprehensive  con^uter  models  for  relating  the  perform- 
ance of  such  diverse  military  activities  as  land  locomotion,  bridging  of 
tactical  gaps,  battlefield  surveillance,  construction  of  roads,  helicopter 
landing  zones  and  airfields,  and  munition  effectiveness  have  been  developed 
and  used  in  major  projects  at  WES  in  recent  years.  However,  in  applying  the 
three-step  concept  (para.  2 above)  to  the  study  of  real-world  situations, 
our  experience  has  shown  that  Step  2 is  by  far  the  most  time  consuming  and 
difficult.  The  problems  associated  with  Step  3 usually  result  from  the 

fact  that  the  product  must  often  serve  such  diverse  users  as  operations 
research  analysts,  strategic  planners,  end  even  tacticians.  The  requirements 
of  the  user  dictate  the  nature  of  the  mathematical  model,  as  well  as  the 
scale  and  degree  of  generalization. 

4.  Regional  studies  for  military  and  civil  purposes  in  many  instances 
have  parallel  problems  and  similar  solutions.  Thus,  it  seems  practical  to 
directly  transfer  experience  gained  in  military  research  and  development  to 
the  civil  sphere,  especially  in  such  areas  as  the  definition  of  study  objec- 
tives, the  size  of  the  study  area,  degree  of  detail  required,  analytical  tests, 
and  presentation  of  findings. 

5.  Two  projects  have  been  selected  to  Illustrate  the  WES  area  evaluation 
concept,  and  to  demonstrate  the  generic  similarities  between  military  and  civil 
problems.  The  first,  entitled  "European  Waterways  Study, specifically  illus- 
trates the  propositions  (and  some  solutions)  associated  with  Step  2 of  the  WB8 
concept  (see  para.  2 above)  when  it  is  applied  to  a waterway  network  problem. 
The  second,  entitled  "The  Rowlesburg  Lake  Model  System,"  illustrates  the  utili- 
zation of  mathematical  simulation  models  in  an  area  of  civil  works  Interest. 


European  Waterways  Study 

6.  The  WES  effort  was  to  support  a Combat  Developments  CoaMnd  (CDC) 
investigation  to  determine  future  materiel  requirements  for  a highly  mobils 
army.  The  specific  problem  CDC  was  addressing  was:  "Does  the  Armf  need  a 
vehicle  that  swims,  or  can  its  future  needs  be  net  by  other  gep-croesiag 
systems?"  It  is  clear  that  this  question  can  be  objectively  inMwmrad  only 


if  the  frequencies  with  which  tactical  gaps*  of  specific  kinds  will  be  en- 
countered are  known.  Since  there  was  adequate  evidence  to  demonstrate  that 
different  geographic  regions  exhibit  different  numbers  and  kinds  of  tactical 
gaps,  it  was  essential  that  a consistent  and  objective  procedure  be  developed 
which,  when  used,  would  define  the  tactical  gap  characteristics  of  any  geo- 
graphic region  to  which  it  was  applied. 

7.  In  view  of  these  considerations,  two  of  the  major  objectives  were: 

a.  To  develop  a widely  applicable  procedure  for  the  acquisition 
of  reliable  data  on  the  characteristics  of  a militarily  sig- 
nificant tactical  gap  (hereafter  called  "gap") . The  proce- 
dures which  were  to  be  developed  were  to  be  as  general  as 
possible  so  that  only  a minimum  of  modification  would  be 
required  to  make  them  applicable  to  any  region  of  the  world. 

b.  To  develop  a procedure  for  presenting  the  acquired  gap  data 
in  a form  in  which  they  could  be  readily  used  in  operation 
research  models  dealing  with  the  prediction  of  performance  of 
various  tactical  gap  crossing  systems  (bridging,  rafting, 
fording,  swlmning)  and  their  related  engineering  activities 
(grading,  mat  laying,  surfacing). 

8.  At  the  time  of  initiation  of  the  project,  there  were  no  performance 
prediction  models  for  the  various  gap-crossing  systems.  Lacking  the  identi- 
fication of  significant  terrain  factors  that  would  have  been  provided  by  the 
models,  it  was  thus  necessary  to  study  the  various  gap-crossing  systems  in 
considerable  detail.  From  this  examination,  all  terrain  attributes  that 
could  be  hypothesized  to  affect  tactical  gap-crossing  materiel  and  activi- 
ties were  derived.  Table  1 is  a matrix  illustrating  the  relations  among 
terrain  factors  and  gap-crossing  systems. 

9.  Even  before  data  collection  can  begin,  there  are  always  two  nagging 
sets  of  problems  that  must  be  resolved.  First,  since  the  significant  factors 
are  distributed  in  both  time  and  space,  the  method  of  presenting  the  data  for 
use  or  analysis  must  be  established.  In  most  instances,  this  is  some  form 

of  map.  The  fact  that  maps  are  to  be  used  raises  the  second  question,  namely, 
classification.  Because  classification  is  an  unavoidable  concomitant  of  any 
mapping  process,  consideration  of  the  nature  of  an  ideal  classification  . ystem 
is  relevant  and,  indeed,  essential.  There  is  one  overwhelming  requirement. 

The  class  intervals  should  be  such  tliat  any  point  selected  between  class  limits 
would  Introduce  only  an  acceptably  small  error  in  prediction.  That  is,  if  all 
other  factor  values  are  held  constant,  the  difference  in  prediction  that  would 
result  from  accepting  a point  taken  near  the  lower  end  of  the  class  range  and 


*A  tactical  gap  is  a linear  terrain  feature  (such  as  a ditch,  canal,  or  river) 
which  tends  to  impede  the  cross-country  movement  of  personnel  or  vehicles. 
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one  taken  near  the  upper  end  of  the  class  range  would  be  small  enough  to 
be  acceptable  to  the  user.  The  problem  is  thus  to  select  class  ranges  for 
all  terrain  factor  variables  in  such  a way  as.  to  minimize  the  effect  of 
stratification.  This  ideal  must,  of  course,  be  tempered  by  practicality; 
class  intervals  too  small  to  be  identified  by  any  practical  interpretation 
or  mapping  process  must  be  avoided.  In  this  case,  because  the  mathematical 
models  relating  the  gap  crossing  system  to  the  environment  had  not  been 
formulated,  the  basic  or  primary  data  were  recorded  in  actual  values;  that 
is,  measurements  of  factors  were  not  in  classes  but  rather  in  absolute 
values.  The  overriding  reason  is  that  data  collected  and  stored  in  this  way 
can  be  classified  in  a number  of  different  ways  and  are  thus  useful  for  a 
wide  variety  of  models  or  other  purposes,  whereas  data  collected  in  terms 
of  classes  can  be  used  only  for  the  one  purpose  for  which  the  classes  were 
designed.  Because  the  mathematical  models  of  the  various  systems  were  not 
available,  considerable  judgment  had  to  be  used  in  the  selection  of  the 
cMss  intervals  for  the  various  factors  when  they  were  actually  mapped. 

The  class  ranges  for  the  significant  factors  are  identified  in  Table  2. 

Acquisition  of  basic  data 

10.  The  numerical  values  for  the  factors  listed  in  Table  1 were 
obtained  by  photogrammetry , photo  interpretation,  literature  search,  and 
by  field  measurements  in  the  study  area  (fig.  1).  Photogrammetry  was  used 
where  possible  to  obtain  measurements  of  water  width,  bank  height,  bank 
angle,  gap  width,  number  of  trees  per  unit  area,  and  vegetation  band  width. 
Often,  however,  the  geometric  properties  of  the  gaps  could  not  be  measured 
because  of  obscuration  by  vegetation  and  photographic  scale  limitations. 

In  such  instances,  the  descriptive  data  were  estimated  using  photo  inter- 
pretation techniques.  The  reliability  of  photo  interpretation  is  directly 
proportional  to  the  quantity  and  excellence  of  "ground  truth"  data,  which 
are  the  links  between  ground  conditions  and  the  photo  image.  Accordingly, 
every  effort  was  made  to  obtain  abundant  ground  truth  data  from  both  liter- 
ature sources  and  field  measurements. 

11.  Published  literature  on  the  required  factor  data  was  found  to  be 
almost  nonexistent,  so  arrangements  were  made  for  a German-speaking  WES 
employee  to  visit  the  various  German  agencies  dealing  with  hydrographic 
studies  to  obtain  existing  long-term  hydrographic  and  engineer  records. 

The  records  were  very  valuable  to  the  study,  but  they  had  significant  gaps 
and  constraints.  For  example,  most  sites  were  descriptions  of  locations 
chosen  specifically  for  gaging  stations,  and  thus  tended  to  be  in  straight 
reaches  where  the  channel  was  artificially  constrained  and  geometrically 
regular,  or  at  bridges  or  other  works  which  produce  anomalous  but  regular 
channel  configurations.  Thus,  the  data  on  water  level  fluctuations  at 
gaging  stations  could  not,  for  example,  be  directly  applied  to  the  natural 
and  irregular  reaches  of  the  channel.  The  records  also  lacked  soil  strength 
and  vegetation  data. 
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12.  To  fill  in  the  gaps^  field  measurements  were  made  at  various 
sites  in  the  study  area.  The  sites  were  selected  on  the  basts  of  prelimi- 
nary air  photo  interpretation  of  the  study  area.  Two  fundamental  criteria 
were  used:  first,  they  represented  wlat  appeared  to  be  commonly  recurring 
gap  types;  and  second,  they  represented  points  or  places  in  which  no  inter- 
pretation could  be  made  because  the  combinations  of  features  were  unfamiliar 
to  the  interpreters. 

13.  The  field  data  collection  was  designed  to  acquire  the  maximum 
possible  amount  of  basic  data  so  that  they  would  be  as  widely  useful  as 
possible.  For  example,  bed  and  bank  configurations  were  recorded  as  a 
vertical  profile  across  the  gap.  From  such  data  the  various  geometric 
factors  (such  as  gap  width,  bank  angles,  bank  heights)  can  be  readily 
calculated. 

Gap  conditions  as  a function  of  time 

14.  A condition  of  the  project  was  that  the  final  description  be  such 
that  the  gap  conditions  for  any  time  of  the  year  could  be  defined.  To 
achieve  this,  a method  was  developed  and  used  for  "pnidicting"  the  condition 
of  every  gap  throughout  a yearly  cycle. 

15.  The  literature  data  (i.e.  the  stream  hydrograph  data)  commonly 
included  stage  and  discharge  data,  usually  in  such  form  that  mean  stage 
and  its  correlative  discharge  by  month  could  be  readily  obtained.  With 
these  data,  combined  with  a gap  cross  section,  it  was  possible  to  compute 
all  of  the  pertinent  geometric  factors  (water  depth,  wacer  width,  gap  width, 
bank  angles,  and  bank  heights)  for  any  water  level.  Some,  but  not  all,  of 
the  literature  sites  also  Included  current  velocity  data.  In  those  instances 
where  such  data  were  available,  the  current  velocity  for  any  water  level  could 
also  be  computed.  In  those  instances  where  current  velocity  data  were  not 
included,  it  was  necessary  to  calculate  the  velocities  by  indirect  methods. 
This  was  done  by  using  the  "Manning  equation,"  with  the  required  longitudinal 
slope  value  obtained  from  topographic  maps.  "Manning's  n,"  the  "roughness 
number,"  was  obtained  by  photo  interpretation.  Tlie  solution  of  the  Manning 
equation  provides  a mean  velocity  value  which  can  then  be  adjusted  to  give 
maximiffli  velocity.  Thus,  at  this  point,  all  literature  sites  were  represented 
by  complete  hydrologic  and  ger>metric  data  (bank  angles,  bank  heights,  gap 
width,  water  width,  water  depth,  and  maximum  current  velocities)  for  any 
month  or  for  any  arbitrary  water  level. 

16.  The  field  data  (i.e.  that  collected  by  the  field  team),  of  course, 
recorded  only  one  point  in  time,  and  thus  no  stage  or  water  level  data  were 
available  except  for  the  day  on  which  the  gap  was  measured.  For  these  sites, 
geometric  data  (gap  width,  water  width,  water  depth,  bank  angles,  bank 
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heights)  could  be  calculated  for  any  arbitrary  water  level,  but  no  monthly 
values  could  yet  be  assigned  since  there  were  no  monthly  stage  data. 

However,  current  velocities  could  be  estimated  through  the  entire  range  of 
water  level,  the  longitudinal  slope  could  be  measured,  and  Manning's  n 
could  be  readily  calculated.  With  this  value,  current  velocities  for  all 
water  levels  could  be  computed.  Then  a regression  line  was  calculated  which 
related  current  velocity  to  the  cross-sectional  area  of  that  portion  of  the 
channel  occupied  by  water,  with  the  velocity/area  relation  calculated  for 
each  of  many  small  increments  of  water  level  change  (fig.  2).  The  slope  and 
intercept  of  the  regression  line  are  then  characteristic  of  the  type  of 
channel  and  water  regime  at  that  site.  Now,  turning  again  to  the  literature 
sites,  the  same  process  was  used  to  obtain  regression  lines  which  charac- 
terize those  sites. 

17.  In  topographically  and  climatically  similar  regions,  streams  of 
equivalent  size  (or  discharge)  will  exhibit  similar  channel  geometries  if 
their  discharge  regimes  are  similar.  By  extension,  streams  which  exhibit 
similar  water  level/discharge  (or  water  level/current  velocity)  relations 
will  exhibit  similar  discharge  (or  stage)  regimes.  The  procedure  was  then 
to  match  the  slope  and  intercept  values  of  the  velocity/area  regression  line 
of  each  field  site  with  its  closest  equivalent  among  the  velocity /area  re- 
gression lines  of  the  literature  sites;  when  a close  fit  was  found,  the  stage 
regime  of  the  literature  site  was  assigned  to  the  related  field  site.  With 
stage  relations  thus  assigned,  the  various  factors  describing  the  field  sites 
could  be  readily  calculated  for  each  month.  Thus,  all  geometric  and  hydro- 
logic  factors  could  be  completed  for  both  field  and  literature  sites 
(fig.  3). 


18.  The  digits  in  the  "Stage"  columns  in  the  part  of  fig.  3 labelled 
"Factor  Complex"  are  arranged  in  the  following  lef t-to-right  sequence: 

Depth,  water  width,  left  bank  height,  right  bank  height,  left  bank  angle, 
right  bank  angle,  velocity.  The  numerical  value  of  the  digits  correspond 
to  the  class  of  the  respective  factor  in  Table  2.  For  example,  the  number 
3 in  the  upper  left  corner  means  the  water  depth  for  the  mean  high  stage 
conditions  for  15  January  in  water  depth  class  3,  i.e.  > 100-200  cm. 

19.  The  soil  strength  (cone  index  value)  and  vegetation  factors  were, 
as  previously  mentioned,  completely  absent  from  the  literature  site  descrip- 
tions and  were,  of  course,  available  for  the  field  sites  only  at  the  time 
the  site  was  visited  by  the  field  team.  Since  vegetation  structure  is  not 
time-dependent  (at  least  on  the  scale  of  time  considered  for  this  work)  the 
factor  values  for  all  sites  remained  a constant  throughout  the  year.  Factor 
descriptions  were  obtained  directly  from  field  data  for  the  field  sites, 
while  photo  interpretation  techniques  were  used  to  provide  these  data  for 
the  literature  sites. 
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20.  Soil  strength,  however,  la  quite  variable  and  changes  with  changes 
in  water  content  of  the  soil.  Thus,  the  cone  index  values  of  all  soils  not 
continually  saturated  (such  as  those  on  the  bottoms  of  nonperennially  wet 
gaps)  change  with  seasonal  fluctuations  of  moisture  content.  They  change 
with  any  moisture  content  change,  of  course,  and  so  react  to  rainfall  at 
any  time  of  the  year.  However,  the  only  available  data  were  the  cone  index 
values  obtained  at  each  field  site  and  these  represented  the  condition  only 
at  the  moment  of  measurement.  While  there  are  methods  of  relating  cone  index 
value,  soil  type  (USCS  or  USDA) , and  moisture  content,  they  are  not  very 
reliable  and,  at  best,  depend  upon  highly  accurate  determinations  of  soil 
moisture.  Since  soil  moisture  could  not  be  reliably  estimated,  it  was  de- 
cided to  record  the  measured  cone  index  values  and  not  to  attempt  to  pre- 
dict seasonal  values.  There  were,  of  course,  neither  soil  type  nor  cone 
index  data  for  the  literature  sites  and,  indeed,  no  reliable  method  for 
estimating  them. 

21.  The  cone  index  values  were  problems  only  for  the  top-of-bank 
positions;  soils  were  assumed  to  be  perennially  saturated  in  the  bottoms 
of  wet  gaps  as  well  as  the  water  level  locations,  and  therefore  the 
measured  values  at  those  points  remained  valid  for  all  seasons. 

Areal  distribution  of  the  factors 


22.  The  areal  distributions  of  the  factors  were  mapped  by  photo 
interpretation.  First,  the  locations  of  the  sample  sites  were  plotted  on 
the  topographic  maps  and  aerial  photography,  and  all  of  the  gap  profiles 
were  drawn  to  a common  scale  and  grouped  into  classes  on  the  basis  of 
visual  similarity  to  the  "type  classes."  Since  the  sample  sites  were 
deliberately  scattered  across  the  entire  study  area,  this  provided  a rea- 
sonably uniform  coverage  of  all  variations  in  the  region. 

23.  Next,  every  gap  which  could  be  recognized  on  the  aerial  photog- 
raphy was  traced  and  classified  according  to  the  factor  classes  defined 

in  Table  2.  This  process  involved  the  development  of  a set  of  recognition 
criteria  for  each  factor  or  factor  set,  using  the  sample  sites  as  ground 
truth.  To  the  extent  possible,  each  factor  was  mapped  individually,  but 
there  were  exceptions.  For  example,  all  vegetation  factors  were  mapped 
simultaneously  so  that  in  that  instance  the  gap  segments  were  assigned  a 
two-part  code,  one  digit  of  which  represented  the  stem  diameter/stem 
spacing  category,  and  the  other  the  vegetation  band  width. 

24.  Upon  completion  of  the  photo  interpretation,  the  product  was  an 
array  of  planimetrically  accurate  factor  maps  covering  the  area  of  interest. 
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25.  The  next  step  was  therefore  to  compile  a "factor  complex  map." 

It  will  be  recalled  that  each  factor  (or  factor  set)  varied  independently. 
Thus,  for  example,  a section  of  gap  might  be  subdivided  into  two  segments; 
at  one  point  on  the  basis  of  cone  index  values , and  at  quite  another  place 
on  the  basis  of  bank,  heights.  The  problem,  then,  is  to  combine  all  of  the 
factor  maps  into  a single  map  on  which  is  identified  each  gap  segment  that 
displays  a unique  combination  of  factor  values.  In  effect,  this  process 
identifies  what  might  be  called  "gap  types,"  a gap  type  being  defined  as 
a segment  of  gap  exhibiting  a specific  combination  of  factor  value  classes 
throughout  its  length.  The  compilation  of  the  factor  complex  map  (or  the 
gap  type  map)  was  achieved  by  successively  overlaying  the  factor  maps  on  a 
suitable  base  map  (see  fig.  4) , and  accumulating  the  data.  When  all  the 
factor  maps  had  been  overlain  in  this  fashion,  the  resulting  factor  complex 
map  included  a delineation  of  every  gap  type  found  in  the  area.  The  com- 
pleted factor  complex  maps  (fig.  5)  represent  the  completion  of  the  acqui- 
sition of  all  available  descriptive  data.  This  provides  a concise  data  base 
that  allows  estimates  of  stream  environment  conditions  that  vary  in  both 
time  and  space  for  a sizeable  area  in  the  real  world. 

Comments 


26.  It  should  be  specifically  noted  that  the  European  Waterways  Study 
concluded  with  a procedure  that  is  entirely  descriptive  in  nature;  it  does 
not  predict  conditions  except  in  the  almost  trivial  sense  of  "predicting" 
what  the  current  velocities  should  be  in  a given  channel  at  a given  water 
level.  The  point  is  that  the  entire  study  was  devoted  to  Step  2 (data 
acquisition)  of  the  WES  terrain  analysis  concept.  It  has  been  used  as  a 
demonstration  of  the  tact  that  acquiring  quantitative  terrain  data  is  not 

a trivial  problem,  but  it  can  be  done. 

27.  One  obvious  conclusion  which  may  be  drawn  from  the  foregoing  dis- 
cussion is  that  a deterministic  hydrologic  model  that  would  predict  stream 
flow  as  a function  of  basic  watershed  parameters  is  vei^  badly  needed,  since 
it  would  allow  the  generation  of  Information  similar  to  that  developed  in 
the  European  Waterways  Study,  at  the  same  time  circumventing  the  necessity 
for  the  elaborate  statistical  "fitting"  procedures  used  therein  to  obtain 
hydrograph  and  related  data.  Hydrologists  have  sought  an  analytical  synthe- 
sis of  the  full  hydrologic  cycle  during  the  last  decade  and  several  "models" 
have  been  developed.  Probably  the  most  complete  model  is  that  developed  by 
Crawford  and  Linsley.^  Other  important  models  Include  the  Kansas  Model, 
developed  by  Lumb,**  and  a model  developed  by  the  Agricultural  Research 
Service  (Holtan  and  Lopez) . ^ These  models  have  all  been  used  to  reconstruct 
hydrographs  that  match  well  with  the  measured  flows.  However,  their  use 
requires  considerable  "juggling"  of  input  parameters  to  obtain  the  desired 
fit.  Further,  the  input  parameters  are  usually  seldom  explicit  measurable 
environmental  factors.  This  seriously  restricts  the  use  of  the  model  in 
ungaged  watersheds.  Also,  it  negates  the  model  for  use  in  studies  dealing 
with  the  effects  of  various  land  modification  and  resource  management  con- 
cepts. Holtan,  in  describing  his  model,  states,  "Our  model  is  currently  a 
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series  of  empiricisms  selected  to  provide  a mathematical  continuum  from 
ridgetop  to  watershed  outlet  in  terms  of  input  readily  available  to  the 
analyst.  The  restriction  of  input  information  to  that  "readily  available" 
to  the  analyst  appears  contrary  to  tlie  development  of  a model  truly  cap- 
able of  simulating  the  various  subsystems  of  the  hydrologic  cycle. 

28.  The  point  here  is  that  a deterministic  streamflow  model  will 
surely  require  a detailed  quantitative  description  of  the  drainage  basin. 

In  fact,  the  required  description  can  be  conjectured  to  consist  of  two 
fundamental  parts:  (a)  a stream  channel  network  description,  somewhat 
after  the  pattern  of  that  produced  for  the  European  Waterways  Study;  and 
(b)  a description  of  the  interfluvial  terrains  designed  in  terms  of  all  of 
the  factors  that  influence  runoff,  infiltration,  storage,  and  transpiration. 
It  seems  clear  that  a system  for  describing  a watershed  in  these  terms  must 
be  developed  prior  to  or  concurrently  with  the  model  which  it  is  intended 

to  feed.  Almost  surely  the  descriptors  will  be  environmental  factors  not 
now  "readily  available"  to  the  analyst;  it  is  therefore  mandatory  that 
hydrologists  face  the  cruel  fact  that  new  data  acquisition  procedures, 
perhaps  similar  to  those  used  in  the  European  Waterways  Study,  will  have 
to  be  developed  and  used. 

29.  The  development  of  a physically  based  simulation  model  of  all  the 
various  subsystems  of  the  hydrologic  cycle  appears  to  be  a monumental 
effort.  Although  many  hydrologists^’^  feel  that  such  a model  can  be  devel- 
oped, it  is  generally  agreed  that  relating  the  various  subsystems  to  spe- 
cific environmental  descriptors  is  a prerequisite  to  the  completion  of  the 
general  model.  Once  the  relevant  descriptors  are  identified  and  watersheds 
can  be  described  in  terms  of  the  descriptors,  the  completed  model  would  pro- 
vide deterministic  predictions  of  streamflow. 


The  Rowlesburg  Lake  Model  System 

30.  Having  arrived  at  the  conclusion  that  the  quantitative  terrain 
description  part  of  the  problem  of  creating  deterministic  models  can  be 
solved,  an  example  of  such  a model  is  in  order.  The  following  discussion 
concerns  a model  developed  by  WES  for  the  Pittsburgh  District  to  assist  in 
a study  of  possible  alternates  to  the  construction  of  a large  multipurpose 
dam  on  the  Cheat  River  at  Rowlesburg,  West  Virginia  (fig.  6) . 

31.  The  Rowlesburg  Lake  was  planned  as  the  last  of  a system  of  reser- 
voirs in  the  Ohio  River  Valley  system  of  flood  control.  Although  the  proj- 
ect had  been  authorized  since  the  1940's,  construction  was  not  planned  to 
begin  until  1970  or  1971.  The  initial  environmental  impact  statement  sub- 
mitted by  the  Pittsburgh  District  was  deemed  lacking  in  detail  and  compre- 
hensiveness by  the  Environmental  Protection  Agency  (EPA) . A major  problem 
at  Pittsburgh  in  performing  impact  studies  was  the  development  of  capability 
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to  consider  costs  and  adequacy  of  alternate  reservoirs  and/or  systems  of 
reservoirs  to  the  one  planned  for  Rowlesburg.  WES  was  asked  to  put  to- 
gether an  analytical  system  capable  of  providing  a quick  evaluation  of 
alternate  reservoir  systems.  The  funding  level  was  low  ($16,000)  and  time 
was  short  (6-S  wks)  for  this  effort. 

32.  Because  of  this  it  was  necessary  to  put  together  an  analytical 
system  consisting  of  highly  generalized  subsystems.  The  overall  analytical 
system  is  conceptualized  in  fig.  7 and  described  in  the  following  paragraphs. 

33.  Blocks  1 through  5 represent  the  data  base  from  which  input  to  the 
models  identified  in  blocks  6-16  is  obtained.  Block  1 represents  a data 
store  of  xyz  coordinates  obtained  by  digitizing  the  topographic  maps.  Block 
2 represents  a store  of  40  years  of  rainfall  and  runoff  records  for  the  Cheat 
River  valley.  Block  3 represents  the  store  of  data  on  the  availability  and 
costs  of  materials  for  the  construction  of  the  reservoir  and  its  appurte- 
nances, e.g.  recreation  facilities,  etc.  Block  4 deals  with  the  cultural 
habits  and  distribution  of  the  population.  Block  5 is  concerned  with  in- 
ventories of  the  wildlife  resources  (habitat,  fisheries,  hunting,  etc.) 
obtained  from  game  and  fish  management  agencies,  primarily  to  be  used  to 
determine  the  necessary  requirements  to  meet  wildlife  mitigation. 

34.  The  runoff  subroutine.  Block  6,  required  inputs  of  the  channel 
cross-sectional  area  and  the  stage  and  velocity  measurements  obtained  from 
the  40  years  of  record.  From  these  data  the  program  computed  the  average 
monthly  runoff. 

35.  The  Ictke  capacity  subroutine.  Block  7,  takes  inputs  of  runoff, 
digitized  contours  from  USGS  maps,  and  dam  coordinates  and  outputs  water 
surface  area,  volumetric  capacity  and  approximate  length  of  shoreline  for 
10-ft  increments  of  elevation.  The  basic  method  is  as  follows:  Contours 
are  taken  at  about  50-ft  elevation  intervals.  The  area  and  perimeter  cal- 
culations are  made  for  the  lowest  contour  included  in  the  reservoir  area. 

The  area  at  the  next  lowest  even  50-  or  100-ft  elevation  is  assumed  to  be 
zero.  Direct  interpolation  of  area  and  perimeter  is  made  at  10-ft  incre- 
ments between  this  zero  area  and  that  already  calculated  at  the  first 
digitized  contour.  The  next  higher  contour  is  read  in  and  the  area  and 
perimeter  calculated.  Intermediate  10-ft  contour  values  are  interpolated 
and  the  process  repeats  until  a specified  maximum  water  surface  elevation 
is  reached.  Volume  calculations  are  then  made  by  the  average  end  area 
method. 

36.  The  visitation  subroutine.  Block  8,  accepts  as  inputs  the  number 
of  access  roads  of  Interstate  quality,  number  of  paved  roads,  number  of 
unimproved  roads,  surface  area  of  reservoir,  shoreline  length,  topography 
classification,  number  of  competing  facilities,  distance  to  competing 
facilities,  size  of  competing  facilities,  number  of  counties  in  proposed 
reservoir  area,  population  density  of  each  county,  median  income  of  each 
county,  urban  population  of  each  county,  distance  to  populated  center  of 
each  county,  and  population  of  each  county. 
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37.  The  physical  and  socioeconomic  characteristics  are  entered  for  a 
proposed  reservoir  and  the  program  chooses  from  the  two  most  similar  reser- 
voirs, one  physical  and  one  socioeconomic.  Then  the  "per  capita  use  rate 
versus  distance"  curves  of  the  two  similar  reservoirs  are  averaged,  giving 
one  "per  capita  use  rate  versus  distance  to  populated  center"  curve  for  the 
proposed  reservoir.  The  distance  to  the  populated  center  of  the  county  from 
the  proposed  reservoir  is  substituted  into  this  equation  to  give  a per  capita 
use  rate.  This  per  capita  use  rate  is  then  multiplied  by  the  county  popula- 
tion to  give  an  initial  annual  visitation  for  that  county.  This  is  done  for 
all  counties  and  summed  to  get  the  expected  annual  visitation  for  the  pro- 
posed reservoir.  The  expected  camping  use  is  added  to  this  figure  to  give 
the  total  initial  annual  visitation  for  the  proposed  reservoir. 

38.  The  flood  storage  subroutine.  Block  9,  requires  as  input  the 
effective  drainage  area,  full  pool  storage,  current  pool,  minimum  pool 
storage,  and  average  monthly  runoff.  The  program  computes  the  runoff  for 
a given  month  (J)  using  the  average  monthly  runoff.  It  then  cycles  to  see 
if  the  reservoir  can  store  this  runoff  and  allow  enough  space  to  compensate 
for  a flood  (3  in.  or  5 in.  of  runoff  from  the  area  above  the  dam).  If 
these  conditions  are  met,  then  the  flow  program  is  run  for  month  J.  If  the 
reservoir  cannot  store  the  runoff,  then  the  flow  program  is  run  for  the 
previous  month  (J-1) , discharging  water  at  a faster  rate  so  that  the  reser- 
voir will  have  enough  space  to  hold  the  runoff  for  month  J.  This  procedure 
continues  until  either  there  is  not  enough  water  available  to  satisfy  the 
flow  requirement  in  the  flow  program,  or  the  reservoir  cannot  be  drawn  down 
to  a level  that  will  allow  acceptance  of  the  monthly  runoff.  The  output 
states  whether  the  reservoir  satisfies  or  does  not  satisfy  flood  storage 
requirements . 

39.  The  flow  augmentations  subroutine.  Block  10,  requires  as  input 
the  minimum  discharge  requirement  at  Lock  and  Dam  No.  2,  water  available 
for  flow,  and  excess  discharge  rate  (may  be  zero).  The  model  determines  if 
there  is  sufficient  water  available  to  meet  the  flow  requirement  at  Lock 
and  Dam  No.  2 for  a 30-day  period.  If  the  reservoir  (or  any  reservoir  in 
the  system  of  reservoirs)  fails,  the  requirement  is  not  met  and  the  program 
ends.  If  the  requirement  is  met  for  a given  month  (J) , the  routine  repeats 
the  computation  for  the  next  month  (J+1) . This  procedure  is  continued  until 
the  reservoir  falls  or  the  time  period  in  question  is  completed.  The  program 
outputs  a statement  of  whether  the  flow  requirement  is  or  is  not  met  for  the 
month  or  year  in  question. 

40.  The  dam  construction  subroutine.  Block  11,  computes  the  cost  of 
dam  and  appurtenances  as  a function  of  maximum  discharge  rate  of  the  dam. 

The  model  is  based  on  a direct  relationship  between  discharge  rate  and  cost 
of  dam  and  appurtenances . This  relationship  was  derived  from  the  Rowlesburg 
General  Design  Manual  (GDM)  and  from  data  from  existing  reservoirs  in  the 
Rowlesburg  area. 
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41.  The  recreation  facilities  model.  Block.  12,  accepts  the  number  of 
visitors  in  days  per  year  and  computes  the  coat  of  the  recreation  facilities. 
The  model  uses  the  annual  visitation  as  a basis  to  compute  the  Design  Load. 
The  Design  Load  is  then  used  to  compute  the  anticipated  number  and  type  of 
facilities  that  will  be  required.  Unit  and  total  costs  for  the  facilities 
are  computed. 

42.  The  reservoir  preparation  subroutine,  Block  13,  accepts  the  total 
acreage  of  the  reservoir  at  full  pool,  type  of  land  to  be  cleared,  vegeta- 
tion density,  slope  class,  and  type  of  floatables,  based  on  correlations 

of  the  above  factors  (i.e.  acreage,  land  type,  vegetation,  slope,  etc.). 

The  unit  cost  per  acre  for  land  clearing  and  removing  of  floatables  is 
computed. 


43.  The  relocation  subroutine.  Block  14,  requires  inputs  of  land  use 
classification,  miles  of  interstate  roads,  paved  two- lane  roads,  and  gravel 
roads  to  be  relocated,  miles  of  railroads,  number  of  cemeteries,  and  full 
pool  acreage.  From  the  Rowlesburg  GDM  and  data  from  existing  reservoirs  in 
the  area,  relationships  were  derived  to  compute  the  quantity  of  bridges, 
culverts,  power  lines,  telephone  and  telegraph  lines  and  gas  lines  to  be 
relocated.  The  program  also  computes  unit  costs  for  each  item  to  be 
relocated. 


44.  The  land  acquisition  subroutine.  Block  15,  uses  the  full  pool 
acreage  as  the  basis  for  computing  the  quantity  of  each  land  use  type  and 
structure  that  must  be  purchased.  Using  data  from  the  Rowlesburg  GDM  and 
from  existing  reservoirs  in  the  area,  unit  cost  per  acre  and  per  structure 
are  computed,  and  total  cost  calculations  are  made. 

45.  The  maintenance  and  operations  subroutine.  Block  16,  uses  the  cost 
of  dam  and  appurtenances,  land  available  for  public  use,  visitation,  and  full 
pool  acreage  as  inputs,  coupled  with  relations  derived  from  the  Rowlesburg 
GDM  and  data  from  existing  reservoirs  in  the  area,  to  compute  the  maintenance 
and  operations  costs  for  a proposed  reservoir. 

46.  The  accuracy  of  the  model  was  roughly  checked  by  comparing  the 
cost  of  the  Rowlesburg  project,  as  computed  by  the  model,  against  the  costs 
estimated  in  the  Rowlesburg  GDM.  The  two  values  differed  by  less  than  two 
percent . 


47.  The  model  was  intended  for  use  as  a rapid  way  of  estimating  the  total 
systems  costs  of  a number  of  alternate  plans,  each  plan  consisting  of  a differ- 
ent combination  of  dam  heights  and  locations  within  the  Cheat  River  drainage 
basin.  It  was  obviously  critical  that  the  flood  control  capability  of  each 
proposed  alternate  system  be  within  acceptable  limits,  which  is  why  it  was 
necessary  to  incorporate  the  relatively  sophisticated  flood  storage  and 
release  routines.  The  resulting  model,  even  though  many  of  the  subroutines 
are  very  generalized,  appears  to  be  a highly  useful  tool.  If  the  reservoir 
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storage  and  release  subroutines  were  somewbat  improved  and  a river  channel 
storage  and  flow  subroutine  added,  there  is  reason  to  believe  that  it  could 
be  used  not  only  to  plan  reservoir  systems  but  to  manage  the  flow  regimes 
of  those  systems  after  they  were  constructed.  The  model  when  completed  will 
be  a very  practical  engineering  tool.  We  feel  that  the  continued  development 
of  the  model  should  have  high  priority  in  the  Corps  of  Engineers.  Of  course, 
considerable  development  and  validation  will  have  to  be  done  before  the  model 
can  be  used  with  confidence  on  routine  engineering  problems. 

Summary 

48.  Rational  judgments  concerning  the  degree  of  optimization  that  can 
be  allowed  for  one  land  use  at  the  expense  of  others  can  be  made  only  if 
procedures  are  available  predicting  the  effectiveness  of  the  land  use  in 
complex  environmental  systems.  The  systems  analysis  procedures  involve 
three  major  steps:  (a)  development  of  performance  prediction  models, 

(b)  acquisition  of  environmental  inputs  to  the  performance  prediction 
models,  and  (c)  display  of  the  performance  over  the  area  of  interest.  The 
WES  in  the  course  of  performing  regional  studies  in  relation  to  military 
activities,  i.e.  land  locomotion,  battlefield  surveillance,  construction 
of  roads,  and  others  has  developed  procedures  that  are  accurate  and  practical. 
Details  of  a military  and  civil  project  (European  Waterways  Study  and  the 
Rowlesburg  Lake  Model  System)  are  presented  to  illustrate  Steps  1 and  2 of 
the  three-step  concept.  The  procedures  have  applicability  in  a wide  range 
of  civil  works  and  it  seems  prudent  to  transfer  experience  gained  in  mili- 
tary research  and  development  to  the  civil  sphere. 
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Fig.  3.  Example  of  the  summary  of  Geometric  and 
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Fig.  4.  Example  of  annotation  system  for  factor,  factor  set, 
and  factor  complex  maps 
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Fig.  5.  Example  of  completed  factor  complex  map 


Fig.  7.  Rowlesburg  Lake  Model  System 


Table  1 


Factors  Significant  to  Gap-Crossing  Activities 


Bridge 
Const r. 


^ Vehicle 
^ Locomotic 
^ (Unaided) 


FACTORS 
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OO 
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Water  width  * 

Maxlmmn  water  depth  > 

Maximum  current  velocity  * 

Bank  height,  left  bank  x 

Bank  angle,  left  bank  x 

uoiik  iieighc,  rignt  bank  x 

Bank  angle,  right  bank  x 

Cone  index  value,  top  left  bank  x 

Cone  index  value,  top  right  bank  x 

Cone  index  value,  bottom*  x 

Cone  index  value,  water  level  left  bank** 
Cone  index  value,  water  level  right  bank** 


X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 


X X 

X X 


X X 

X X 


X X 

X X 


X X 

X X 


X 

X X 


X X 

X X 


X X 

.X  X 


Gap  width 

Tree  stem  diameters,  right  bank 
Number  of  trees,  right  bank 
Vegetation  band  width,  right  bank 
Tree  stem  diameters,  left  bank 
Number  of  trees,  left  bank 
Vegetation  band  width,  left  bank 


X X 

X X 


X X 

X X 

X X 

X X 


#A11  time-dependent  factors  change  according  to  seasonal  and,  in  some  cases, 
even  diurnal  cycles 

*Included  among  time-dependent  factors  because  not  all  gaps  contain  water 
all  of  the  time;  thus,  the  soil  strength  in  the  bottom  of  a dry  gap  is 
time-dependent . 

**These  two  factors  are  not  applicable  in  the  case  of  dry  gaps. 
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Table  2 

Class  Ranges  of  All  Significant  Factors 


Class 

Cap 

Width 

(m) 

Class 

Gap 

Width 

(m) 

Class 

1 

>0-3 

46 

>205-210 

1 

2 

>3-6 

47 

>210-215 

2 

3 

>6-9 

48 

>215-220 

3 

4 

>9-12 

49 

>220-225 

4 

& 

>12-15 

50 

>225-230 

5 

6 

>15-18 

51 

>230-235 

7 

>18-21 

52 

>235-240 

8 

>21-24 

53 

>240-245 

9 

>24-27 

54 

>245-250 

Class 

10 

>27-30 

55 

>250-255 

11 

>30-35 

56 

>255-260 

1 

12 

>35-40 

57 

>260-265 

2 

13 

>40-45 

58 

>265-270 

3 

14 

>45-50 

59 

>270-275 

4 

15 

>50-55 

60 

>275-280 

5 

16 

>55-60 

61 

>280-285 

17 

>60-65 

62 

>285-290 

18 

>65-70 

63 

>290-295 

19 

>70-75 

64 

>295-300 

Class 

20 

>75-80 

65 

>300-305 

21 

>60-85 

66 

>305-310 

22 

>85-90 

67 

>310-315 

1 

23 

>90-95 

68 

>315-320 

2 

24 

>95-100 

69 

>320~325 

3 

25 

>100-105 

70 

>325-330 

4 

26 

>105-110 

71 

>330-335 

5 

27 

>110-115 

72 

>335-340 

28 

>115-120 

73 

>340-345 

29 

>120-125 

111 

>S/. 

30 

>125-130 

75 

>350-355 

Class 

31 

>130-135 

76 

>355-360 

32 

>135-140 

77 

>360-365 

I 

33 

>140-145 

78 

>365-370 

2 

34 

>145-150 

79 

>370-375 

3 

» 

35 

>150-155 

80 

>375-380 

k 

e 

36 

>155-160 

81 

>380-385 

J 

37 

>160-165 

82 

>385-390 

38 

>165-170 

83 

>390-395 

39 

40 

>170-175 

>175-180 

84 

85 

> 395-400 
>400-405 

Class 

41 

>180-185 

86 

>405-410 

1 

42 

>185-190 

87 

>410-415 

2 

43 

>190-195 

88 

>415-420 

3 

44 

>195-200 

89 

>420-425 

4 

45 

>200-205 

90 

>425-4:0 

5 
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Water  Depth 
(cm) 

Mo  water 
0-100 
>100-200 
>200-500 
>500 

Current 

Velocity 

(mps) 

No  water 
0-1 
>1-2 
>2-3.5 
>3.5 


Height  of 
Bank 
(cm) 


0-100 

>100-200 

>200-300 

>300-500 

>500 


Bank  Angle 
(deg) 


0-10 

>10-20 

>20-45 

>45-75 

>75 


Cone  Index 
Value 


0-20 

>20-40 

>40-75 

>75-300 

>300 


Table  2 (con.) 


"I 


Class 


Water 

Width 

(m) 


Class 


Water 

Width 

-Cg) 


1 

Mo  water 

2 

>0-3 

3 

>3-6 

4 

>6-9 

5 

>9-12 

6 

>12-15 

7 

>15-18 

8 

>18-21 

9 

>21-24 

10 

>24-27 

11 

>27-30 

12 

>30-35 

13 

>35-40 

14 

>40-45 

15 

>45-50 

16 

>50-55 

17 

>55-60 

18 

>£0  65 

19 

>65-70 

20 

>70-75 

21 

>75-80 

22 

>80-85 

23 

>85-90 

24 

>90-95 

25 

>95-100 

26 

>100-105 

27 

>105-110 

28 

>110-115 

29 

>115-120 

30 

>120-125 

31 

>125-130 

32 

>130-135 

33 

>135-140 

34 

>140-145 

35 

>145-150 

36 

>150-155 

37 

>155-160 

38 

>160-165 

39 

>165-170 

40 

>170-175 

41 

>175-180 

42 

>180-185 

43 

>185-190 

44 

>190-195 

45 

>195-200 

46 

>200-205 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 
63 
u4 

65 

66 

67 

68 

69 

70 

71 
li. 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 


>205-210 

>210-215 

>215-220 

>220-225 

>225-230 

>230-235 

>235-240 

>240-245 

>245-250 

>250-255 

>255-260 

>260-265 

>265-270 

>270-275 

>275-280 

>280-285 

>285-290 

>29  5-  300 

>300-305 

>305-310 

>310-315 

>315-320 

>320"325 

’■325-330 

’330-335 

’335-340 

’340-345 

’345-350 

’350-355 

>355-360 

>360-365 

>365-370 

>370-375 

>375-380 

>380-365 

>385-390 

>390-395 

>395-400 

>400-405 

>405-410 

>410-415 

>415-420 

>420-425 


i 


1 


36 


Table  2 (con.) 


'1 


I 


Seem  diameter  (cm) 


5-25 

>25-50 

>50 

None 

1 

1 

1 

No.  of  stems/1000  m^  1-10 

2 

2 

2 

>10-40 

3 

3 

3 

>40 

4 

4 

4 

Theoretical  arrays  Include  any  possible  combination  of  stem  diameter  classes, 
with  the  absence  of  plants  In  any  stem  diameter  class  recorded  as  1.  Thus,  a 
vegetation  structure  covering  1000  m^  consisting  of  30  stems  each  20  cm  In 
diameter  would  be  recorded  as  311.  Similarly,  a structure  covering  1000^ 
consisting  of  60  stems  each  5 cm  In  diameter,  30  stems  each  30  cm  In  diameter, 
and  10  stems  each  50  cm  In  diameter  would  be  recorded  as  432.  However,  not 
all  theoretically  possible  combinations  were  found.  Those  actually  recorded 
were  as  follows: 


Unit  Code 

Stem  dlam/No.  of  stems  array 

1 

111  (no  vegetation) 

2 

131 

3 

144 

4 

221 

5 

231 

6 

241 

7 

321 

8 

331 

9 

342 

10 

411 

11 

413 

12 

421 

13 

431 

14 

432 

15 

433 

16 

441 

17 

442 

18 

444 

Vegetation  Band 

Width 

Class 

(m) 

1 

0 

2 

>0-5 

3 

>5-15 

4 

>15 
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REGI(»IAL  PLANNING  POTENTIAL  OF 
DETERMINISTIC  HYDROLOGIC  SIMULATION  MODELS 


Coanent,  Mr.  Thomas;  Your  allegations  about  no  predictive  model  being 
available  are  unfounded.  I suggest  that  WES  become  familiar  with 
several  computer  programs  that  are  available,  in  particular  the 
SSARR  model  of  North  Pacific  Division. 

Reply.  Mr.  Benn;  The  WES,  In  Its  efforts  to  assess  the  environmental 
constraints  or  Impacts  on  both  military  and  civil  activities,  has 
recognized  the  need  for  large-scale  simulation  of  virtually  all  of 
the  processes  In  the  hydrologic  cycle. 

For  example,  procedures  for  estimating  soil  traf f Icablllty  require  an 
accurate  estimate  of  soil  moisture  with  depth  for  very  specific  locations. 
I emphasize  specific  locations  because  the  vast  majority  of  the  world's 
soils  does  not  present  a traf f Icablllty  problem,  but  there  Is  a trafflca- 
blllty  problem  as  a whole,  because  of  the  manner  In  which  the  relatively 
few  problem  soils  are  distributed  In  the  landscape.  Recently  the  WES  has 
studied  many  of  the  existing  hydrologic  simulation  models.  Including  the 
Kentucky,  Stanford,  USDA,  USGS,  Texas,  Kansas,  and  the  HEC  hydrograph 
package.  All  these  models  are  optimized  to  reproduce  storm  hydrographs, 
and  a significant  attribute  of  the  models  is  the  fact  that  they  all  use 
"lumped"  or  watershed  average  values  to  estimate  transpiration.  Intercep- 
tion, water  storage  changes.  Infiltration,  etc.  Further,  the  specific 
values  for  Input  functions  are  determined  by  forcing  the  predicted  hydro- 
graph to  fit  the  measured  hydrograph.  This  result  Is  a calibration  or 
solution  for  a specific  watershed  with  little  assurance  that  the  Input 
functions  are  related  to  the  real  world,  or  Indeed  even  to  each  other.  In 
a unique  way.  I feel  that  practical  Improvements  In  the  existing  models 
can  be  made  by  developing  methods  for  simulating  the  various  hydrologic 
process  as  a function  of  specific  measurable  terrain  parameters.  This 
would  result  In  more  suitable  models  for  solving  a wider  range  of  Corps 
of  Engineers'  problems  In  worldwide  terrain  conditions. 
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Comment,  Mr.  Fredrlch;  Although  I agree  with  the  need  for  models  that 
can  be  adjusted  to  reflect  the  effects  of  potential  changes  in  the 
pitysical  system,  I'm  not  certain  that  what  is  needed  is  a runoff 
model  that  more  closely  simulates  the  physical  processes  Involved 
in  the  rainfall-runoff  transformation.  I think  that  perhaps  we 
should  study  more  closely  the  process  that  we  have  modelled  so  that 
we  can  identify  the  factors  that  are  important  in  changes  and  the 
degree  of  change  in  a factor  necessary  to  produce  a change  in  output. 
I'm  not  sure  that  more  "sophisticated"  models  are  warranted,  given 
the  data  availability  usually  encountered  in  planning  studies. 

Reply,  Mr.  Benn:  Viable  solutions  in  regional  planning  studies  are 
obtained  by  estimating  the  Impact  of  alternatives.  To  properly 
study  alternatives  It  is  often  as  important  to  understand  what  Is 
happening  to  water  in  the  transformation  from  rainfall  to  runoff 
as  it  Is  to  determine  time  history  of  runoff  Itself.  For  example, 
a method  under  consideration  for  wastewater  disposal  Is  to  apply  the 
water  periodically  to  the  land  surface.  This  scheme  envisions  the 
soil  and  Its  organisms  fixing  or  degrading  contaminants  before  the 
water  is  conducted  to  streams  and/or  groundwater.  The  feasibility  of 
this  system  for  a given  area  can  only  be  evaluated  by  considering  the 
rates  of  water  acceptance,  retention,  and  migration,  which,  of  course, 
are  functions  of  site  properties  and  the  hydrology  of  the  area.  Many 
other  problems  can  be  cited  in  both  the  civil  and  military  areas  where 
predictions  of  the  state-of-the-ground  are  critical  to  the  design  and 
successful  performance  of  an  activity  or  item  of  hardware,  i.e. , 
battlefield  surveillance,  munition  effectiveness,  cross-country 
locomotion,  forest  harvesting,  agricultural  soil  preparation,  etc. 
Thus,  I believe  the  need  for  better  analytical  tools  is  undeniable. 

The  problem  of  data  acquisition  and  manipulation  for  the  Improved 
models  is  Indeed  a monumental  one.  The  terrain  analysis  techniques 
developed  at  WES  rely  heavily  on  the  ability  to  acquire  and  manipulate 
large  volumes  of  environmental  data.  I feel  these  procedures  or 
similar  ones  can  be  applied  to  the  hydrologist's  data  acquisition  and 
manipulation  problems. 
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DIGITAL  MODELING  FOR  EVALDATING 
WATER  RESOURCE  DEVELOPMENTS 

by 

Harold  E.  Rubik 


INTRODUCTION 


A water  resource  developoumt  plan  today  requires  that  attention  be 
given  to  a aultltude  of  considerations.  As  stated  by  the  Water  Reaources 
Council : 

Plans  for  the  uses  of  the  Nation's  water  and  land 
resources  will  be  directed  to  Iwproved  contributions 
to  the  nultlobjectlves  of  National  econoadc  developaent. 
envlronaental  quality,  social  well-being,  and  regional 
development.  Planning  for  the  use  of  water  and  land 
resources  In  terms  of  these  multiobjectives  will  aid 
In  Identifying  courses  of  action  and  will  provide  the 
type  of  Information  needed  to  Improve  the  public  decision- 
making process.” 

The  evaluation  of  the  effects  of  a proposed  development  plan 
requires  the  merging  of  advanced  hydrologic  techniques  «id  creative 
planning  concepts.  Such  techniques  require  evaluating  the  effects  of 
many  alternative  plans,  levels  of  developamnt,  and  operation  criteria. 
Only  by  use  of  the  computer  can  extensive  simulation  analyses  be  made 
within  reasonable  cost  and  time  limitations.  To  Illustrate  the  appli- 
cation of  digital  computer  models,  several  special  assistance  projects 
undertaken  by  The  Hydrologic  Engineering  Center  (HEC)  will  be  described. 


North  Atlantic  Regional  Study  - North  Atlantic  Division 

Objective.  The  North  Atlantic  Regional  Water  Reaources  Study  was 
directed  towards  planning  for  the  optimum  developmsnt  of  water  and  related 
land  reaources.  It  was  a framework  type  of  study  to  provide  an  overview 
of  regional  needs  and  to  furnish  guidelines  for  future  developments  in  the 
region  by  Illuminating  alternative  plana  of  improvement  for  the  decision 
maker.  The  HlC  assisted  the  North  Atlantic  Division  office  in  developing 


Bydranlle  Engineer,  Special  Assistance  Branch,  The  Hydrologic  Engineering 
Center. 
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« tancraliscd  procedure  for  evsluetlng  the  regulatory  effects  of  possible 
reservoir  projects  and  for  assessing  flood  danages  for  natural  and  regulated 
conditions.  The  generalised  procedure  was  used  in  the  screening  analysis 
of  possible  reservoir  projects  and  systena  to  determine  the  better  alter- 
native plana  of  basin  development  for  flood  control. 

Data  Requirements t 

a.  Hypothetical  storm  representative  of  large-area  storms  of 
intermediate  magnitude 

b.  Generalised  unit  hydrograph  and  rainfall  loss-rate  criteria 

c.  Channel  flood-routing  criteria 

d.  Location  of  index  stations,  stage-discharge-damage  relations, 
and  discharge-frequency  relations 

e.  Location  and  slse  of  existing  and  proposed  reservoir  projects 

Study  Procedure  and  Results.  Each  major  river  basin  was  divided 
into  subareas  averaging  about  300  square  miles  in  sise  and  generalised 
unit  hydrograph  and  rainfall  loss-rate  critera  were  developed.  Historical 
storm  data  were  studied  to  determine  criteria  for  a well-balanced  hypo- 
thetical storm  of  intermediate  magnitude.  Using  the  above  data,  a 
hypothetical  flood  was  computed.  Ratios  of  the  hypothetical  flood  were 
used  for  computing  other  floods  of  various  magnitudes.  The  flood  hydro- 
graph package  program,  HEC-1^,  was  adapted  to  compute,  route,  and  combine 
flood  hydrographs  simultaneously  for  many  flood  sisea.  The  regulatory 
effects  of  reservoir  projects  on  downstream  flooding  were  determined  for 
each  flood  slse  and  the  damage  reduction  was  computed.  Generalised 
relations  for  damage  reduction  were  developed  as  a function  of  the  percent 
area  controlled,  the  level  of  development,  and  the  relative  location 
of  the  control.  These  relationships  are  shown  to  Figures  1 and  2. 


Tibbee  River  - Mobile  District 

Objectives.  The  objectives  of  the  Tibbee  River  study  were  to  determine 
the  effect  of  alternative  channel  iiq>roveaent  schemes  on  flood  runoff  In 
the  Tibbee  River  basin  (Figure  3),  to  determine  the  reductions  In  flood 
•••ociated  with  each  sdiema,  and  to  select  that  plan  that  would 
most  econottlcally  mitigate  the  flood  damages.  The  proposed  chanel  improvo- 
ments  will  lower  the  stage  for  a given  flow  rate,  but  the  i^oved  channels 
can  collect  water  faster  and  cause  higher  flow  rates  for  given  rainfall 
conditions.  To  accomplish  the  study  objectives,  e hydroloeic-economlc 
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model  was  developed  to  simulate  the  effect  of  various  plans  of  improve- 
ment  on  flood  flows  and  resulting  flood  damages. 

Data  Requirements.  A generalized  computer  program,  HEC-1,  was 
used  for  modeling  purposes  and  required  definition  of  the  following 
hydrologic  and  economic  Inputs: 

a.  Unit  hydrograph  and  loss-rate  coefficients 

b.  Channel  routing  criteria  and  stage-discharge  relations 

c.  Synthetic  pattern  storm 

d.  Discharge-frequency  relations 

e.  Stage-damage  relations 

Study  Procedure  and  Results.  Unit  hydrograph  and  rainfall  loss-rate 
coefficients  were  derived  (by  use  of  HEC-1)  for  22  streamgage  locations 
by  an  analysis  of  historic  streamflow  and  rainfall  data  for  89  runoff 
events  (2  to  8 per  location).  The  results  of  this  analysis  were  used 
to  develop  generalized  coefficients  to  be  applied  to  the  216  subareas  of 
the  Tibbee  River  basin. 

Extensive  backwater  computations  were  made  by  use  of  computer  program 
UEC-2^  for  exlstinK  conditions  and  each  proposed  plan  of  Improvement  to 
determine  stage-discharge  relations,  water-surface  profiles,  and  storage- 
outflow  relations  (channel  routing  criteria). 

A uniform  areal  distribution  of  rainfall  was  used  as  the  pattern 
storm  over  the  Tibbee  River  basin.  The  total  storm  rainfall  was  determined 
for  a rainfall  intensity  with  a 5-year  recurrence  interval,  a rainfall 
duration  of  48  hours,  and  an  area  of  200  square  miles. 

The  discharge-frequency  relations  for  natural  conditions  were  derived 
from  regional  relationships  determined  by  a statistical  analysis  of  the 
annual  peaks  for  gaging  stations  in  the  basin  and  surrounding  area.  It 
was  necessary  to  modify  the  discharge-frequency  relations  for  Improved 
conditions  to  reflect  the  higher  discharges  resulting  from  improved 
channel  efficiency  (peaking  effect).  The  peaking  effect  on  the  Tibbee 
River  is  shown  in  Figure  4. 

To  formulate  the  optimal  plan  of  channel  Improvement  for  the  Tibbee 
River  basin,  estimates  of  flood  damage  reduction  attributable  to  each 
alternative  plan  of  improvement  were  computed.  Figure  5 Illustrates  the 
output  from  such  computations.  Details  of  this  study  have  been  presented 
by  Reese  and  others^. 
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Caldwell  Creek  - Mobile  District 


Objective.  Water-surface  profiles  for  flows  with  selected  return 
Intervals  were  needed  on  Caldwell  Creek  to  evaluate  the  flood  risk  at 
various  points  on  the  flood  plain.  The  basin  is  on  the  northern  boundary 
of  Atlanta,  Georgia,  and  there  are  several  restrictive  waterway  openings 
and  high  embankments  associated  with  roads  and  streets  within  the  flood 
plain. 

Data  Hequirements ♦ 

a.  Flood  plain  cross-section  data 

b.  Unit  hydrograph  coefficients  and  rainfall  loss  rates  for  each 
subarea 

c.  Depth-duration  curves  for  the  10-  and  100-year  frequency 
rainfall  events 

d.  Standard  project  storm  magnitudes  and  durations 

e.  Muskingum  channel  routing  coefficients 

f.  Discharge-frequency  data 

Study  Procedure  and  Results.  Hypothetical  runoff  hydrographs  were 
computed  from  the  10- , 100-year  and  standard  project  rainfall  by  use  of 
a raiafall-runoff  simulation  model  (HEC-1).  The  loss  rates  were  adjusted 
t*'  provide  computed  flood  peaks  which  were  very  near  the  regional-discharge 
Iv^Quency  values.  The  peak  flow  values  from  these  hydrographs  represented 
a natiiral  condition  (no  road  constrictions)  for  the  selected  frequency 
eve ‘Its.  Water-surface  profiles  were  then  computed  (by  use  of  computer  pro- 
gram HEC-2)  based  on  these  flow  values  and  the  existing  road  crossing  flood 
ploln  condition.  The  resulting  storage-outflow  relations  were  used  with 
a nonlinear  storage  routing  method  to  determine  the  flows  as  modified  by 
the  channel  constrictions.  The  water-surface  profiles  corresponding  to  the 
modified  flows  were  then  determined,  and  these  profiles  were  assigned  the 
frequency  values  of  the  input  rainfall.  The  results  are  suHaarised  in  Figure  6. 

Red  River  of  the  North  - St.  Paul  District 

Objectives.  Although  a general  study  delimiting  the  problem  areas  is  in 
progress  by  the  Souris  Red  Rainy  River  Basin  Coamdssion,  the  Water  Resources 
Council  recommended  that  a more  detailed  study  that  outlines  possible  plans 
of  Improvement  be  undertaken  of  the  Red  River  basin.  The  District  assigned 
to  the  H£C  the  reservoir  system  analysis  portion  of  the  study.  The  objectives 
of  the  conservation  aspects  of  the  study  were: 
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a.  to  slnulace  the  operation  of  the  exlating  reservoir  projects 
to  aeet  current  and  future  water  supply  needs, 

b.  to  slaailate  the  operation  of  the  existing  and  authorized 
projects  for  the  above  needs,  and 

c.  to  slBulate  the  system  operation  with  the  addition  of  several 
proposed  projects. 

Data  Requirements.  For  the  conservation  studies,  the  types  of  data 
needed  for  each  reach  or  project  were: 

a.  Historic  monthly  streamflow  records 

b.  Historic  consumptive  use 

c.  Historic  channel  losses 

d.  Desired  and  required  flow  requirements 

e.  Channel  capacities 

f.  Physical  characteristic  of  the  projects 

g.  Project  operation  criteria 

Study  Procedure  and  Results.  To  properly  evaluate  the  effects  of 
different  operation  criteria.  It  was  necessary  to  obtain  unregulated 
streamflow  data  at  each  location  for  the  period  of  analysis,  1930-1969. 

This  required  removing  the  effect  caused  by  the  existing  projects  and 
accounting  for  historic  consumptive  use  and  channel  losses.  This  task 
was  accomplished  by  simulating  the  operation  of  the  system  for  a portion 
of  the  record  with  Che  projects  that  existed  during  that  period  (see 
Figure  7 for  the  basin  schematic) . 

Portions  of  streamflow  records  at  some  of  the  stations  had  to  be 
estimated  by  stochastic  procedures  (computer  program  HEC-A**).  At  some 
stations,  regulated  flows  were  estimated  to  provide  Input  to  the  system 
model  and  then  using  Che  computed  unregulated  flows  to  derive  the  necessary 
statlatlcs,  unregulated  flows  were  estimated  to  complete  the  record  for  the 
period  of  Interest. 

After  deriving  unregulated  flows  at  all  points  In  the  basin,  the 
performance  of  the  various  projects  was  evaluated  by  simulating  the  system 
operation  for  various  demand  levels  and  reservoir  operation  criteria. 

About  20  different  runs  were  made,  with  the  District  office  evaluating  the 
impact  of  Che  various  operation  decisions.  Simulation  of  the  system 


operation  for  flood  control  purposes  Is  scheduled  to  begin  in  the  near 
future. 


Minnesota  River  - St.  Paul  District 


Objectives.  The  Hydrologic  Engineering  Center  was  asked  to  provide 
assistance  in  analyzing  the  flood  control  potential  of  proposed  reservoirs 
and  channel  improvements  in  the  Minnesota  River  basin  and  to  evaluate 
benefits  which  would  accrue  to  these  projects. 

Data  Requirements; 

a.  Historic  dally  streamflow 

b.  Physical  characteristics  of  the  proposed  reservoirs 

c.  Discharge-damage-frequency  data 

d.  Existing  channel  capacities  at  control  points 

e.  Channel  capacities  under  Improved  conditions 

f.  Operational  criteria  for  each  reservoir 

Study  Procedure  and  Results.  Meeting  the  objective  required  operating 
a system  of  reservoirs  in  conformance  with  specified  operation  rules  and 
constraints.  The  existing  reservoir  system  analysis  program  (HEC-3^)  was 
selected  as  a tool  because  of  its  flexibility  in  operating  reservoirs 
to  meet  specified  constraints.  The  program  was  modified  for  the  flood 
control  studies  by  allowing  the  input  of  flows  representing  any  selected 
time  span  and  computation  Interval,  adding  reservoir  level  balancing  routines 
for  the  flood  control  space,  and  adding  a surcharge  routine  to  the  operation 
capabilities  at  reservoirs.  The  input  dally  flows  were  translated  by  the 
appropriate  lag  time,  but  no  attenuation  of  the  flows  was  made  in  the  channel 
routings.  Where  attenuation  is  large  between  control  points,  routed  Inflows 
should  be  used  as  input. 

The  modified  program  was  tested  using  the  dally  flows  for  the  1965 
and  1969  flood  events  on  the  Minnesota  River.  For  the  damage  integration 
computation,  the  two  floods  were  each  multiplied  by  seven  ratios  to  obtain 
14  floods  with  peaks  distributed  throughout  the  range  of  the  peak  discharge- 
frequency  curves.  Five  different  models  were  formulated  for  the  basin, 
from  the  New  Ulm  dam  site  to  the  Carver  gaging  station,  by  using  various 
combinations  of  three  potential  reservoirs.  New  Ulm,  Blue  Earth,  and 
Cottonwood,  and  possible  channel  improvements.  A summary  of  the  results 
is  shown  in  Figure  8. 
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CONCLUSIONS 


The  ;’oregolng  projects  Illustrate  the  use  of  large  generalized 
computer  programs  In  providing  rapid  evaluation  of  proposed  system 
characteristics  and  operation  criteria.  The  output  can  include  not 
only  hydrologic  information,  but  also  economic  information.  Some  of 
the  studies  have  shown  the  need  to  link  two  or  more  programs  together 
to  reduce  the  amount  of  data  handling  and  time  required  to  obtain 
answers.  Any  such  linking  will  require  innovating  programming  techniques 
to  keep  the  computer  storage  capacity  within  reasonable  size.  Also, 
automated  screening  of  the  results  will  be  required  before  the  generated 
data  are  used  in  succeeding  computations. 

Future  research  must  give  attention  to  methods  of  selecting  the 
"best"  plans  of  development.  There  are  many  papers  in  the  literature 
discussing  the  application  mathematical  techniques  in  selecting 
optimal  development  and/or  operation  plans.  The  success  of  these 
techniques  has  been  evaluated  by  Dracup^. 

The  realization  that  thire  were  now  available 
recently-developed  math:matical  techniques  which 
might  be  applied  to  "op:lmally  allocate  limited 
resources  among  competiig  activities,"  resulted 
in  an  almost  frantic  drive  on  the  part  of 
researchers  to  applv  these  techniques.  Here  at 
last  was  believed  to  be  the  key  to  the  comprehensive 
analysis  of  water  tesources  systems.  The  results, 
after  almost  two  decades  of  work,  have  been  less 
than  satisfactory. 


* * * 

With  few  successful  applications  of  optimization 
techniques  to  cite  in  water  resource  systems  analysis, 
an  assessment  of  accomplishments  may  be  premature 
at  best. 
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FIGURE  5 
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(1)  These  flow  values  have  been  rounded  from  comparable  values  In  table 
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(1)  These  flow  values  have  been  rounded  from  comparable  values  in  Cable 
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SUMMARY  OF  PRELIMINARY  DAMAGE  INTEGRATION  RUNS 
MINNESOTA  RIVER  - NEW  ULM  TO  CARVER 
RATIOS  OF  1965  and  1969  FLOODS 


AVERAGE  ANNUAL  DAMAGE  IN  THOUSAND  DOLLARS 


Control  Point  Number  DAMAGE 


MODEL 

5 

9 

11 

12 

13 

14 

TOTAL 

REDUCTION 

Existing 

Conditions 

2.8 

192.2 

1195.5 

309.8 

688.3 

54.6 

2443.2 

Blue  Earth 
Reservoir 

2.8 

192.2 

548.3 

134.3 

363.3 

13.9 

1254.8 

1188.4 

New  Ulm 

Reservoir 

0.1 

49.5 

772.7 

265.7 

627.5 

48.2 

1763.7 

679.5 

Blue  Earth  and 

New  Ulm  Reservoirs 

0.1 

49.5 

229.6 

46.9 

159.4 

5.8 

491.3 

1951.9 

Blue  Earth,  New 
Ulm,  and  Cotton- 
wood Reservoirs 

0.1 

4.1 

193.4 

19.2 

52.7 

3.5 

273.0 

2170.2 

Channel  Improve- 
ment Only 

2.8 

66.7 

1195.5 

224.2 

596.4 

53.9 

2139.5 

303.7 

Blue  Earth  and 

New  Ulm  Reservoirs 

0.1 

22.4 

210.7 

28.5 

54.0 

5.6 

321.3 

2121.9 

Plus  Channel 
Improvement 
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FIGURE  8 
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Conunent,  Mr.  Harrison;  The  principal  impacts  to  an  economic  analysis 
are  costs  and  benefits  that  are  manipulated  by  various  techniques 
for  projection,  optimization,  etc.  Hydrologic  analyses  contribute 
principally  to  the  benefit  side  of  the  picture.  Techniques  for 
computer  anlaysis  of  economic  projections  and  optimization  have 
now  gotten  far  ahead  of  computer  techniques  for  quickly  turning  out 
realistic  costs  for  the  very  large  number  of  alternate  solutions 
needed  for  any  comprehensive  economic  analysis.  The  precision  or 
the  credibility  of  a B/C  ratio  is  no  better  than  the  weakest  part 
of  the  quotient.  Sophisticated  analysis  to  determine  the  numerator 
is  a waste  of  time  if  the  denominator  is  obtained  from  very  generalized 
cost  curves  or  other  crude  techniques. 

I think  we  should  turn  part  of  our  attention  for  the  next  year  or  so 
away  from  benefit  evaluation  and  toward  automation  of  design  and 
cost  estimates  of  typical  project  elements. 

Reply,  Mr.  Kubik:  I agree  with  you.  For  the  Tlbbee  River  study,  the 
hydrology  of  several  channel  Improvement  schemes  was  being  studied. 
Later  in  the  study  the  economists  provided  cost  values  which  disclosed 
that  the  cost  of  some  of  the  improvement  schemes  would  have  exceeded 
the  existing  damages;  therefore,  unnecessary  work  had  been  done. 


Comnent,  Mr.  Gaum;  Show  stage  discharge  curve  to  go  with  figure  4. 

Question,  Mr.  Gaum;  What  was  the  nature  of  the  storm  pattern  used  in 
analysis  for  effect  of  6"  of  storage  in  NAR  study? 

Reply.  Mr.  Kubik;  The  same  storm  pattern  was  used  for  each  of  the  assumed 
storage  magnitudes.  The  magnitude  of  the  rainfall  for  each  subarea 
was  a function  of  the  drainage  area  size  and  was  assumed  to  be  uniform 
over  the  subarea. 
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HYDROLOGIC  ASPECTS  OF  PLANNING  IN  AN  URBAN  AREA 

By 

Richard  F.  Astrack^ 

INTRODUCTION 

The  period  since  the  end  of  World  War  II  has  experienced  a general 
migration  of  the  nation's  population  to  the  urban  centers,  particularly 
to  the  suburbs.  Subdivisions  and  shopping  centers  were  and  are  being 
constructed  with  little  or  no  regard  for  their  effects  on  rainfall  runoff 
and  subsequent  streamflow  problems.  Small,  meandering  streams  have  become 
raging  torrents  as  their  drainage  systems.  In  changing  from  rural  to  urban, 
convey  storm  water  through  the  basin  several  times  more  effectively  than 
in  the  past.  Erosion  and  bank  caving  problems  are  chronic.  During  normal 
flow,  the  streams  are  used  as  trash  dumps  and,  consequently,  as  breading 
grounds  for  all  manner  of  vectors.  Watercourses  in  urban  areas  are  fast 
becoming  public  eyesores  during  normal  flow  and  public  menances  during 
floods.  The  St.  Louis  area  is  no  exception  to  this  problem. 

The  St.  Louis  District,  Corps  of  Engineers,  has  been  assigned  the 
task  of  determining  ways  and  means  of  solving  the  environmental  problems 
associated  with  surface  water  runoff  within  the  City  of  St.  Louis  and 
St.  Louis  County,  Missouri.  The  total  area  for  this  study  Is  about  517 
square  miles,  and  includes  23  stream  basins  with  a population  of  approxi- 
mately 1.6  million  people.  The  Metropolitan  St.  Louis  Sewer  District  (MSD) 
is  responsible  for  sanitary  and  stormwater  control  over  229  square  miles 
of  the  study  area.  St.  Louis  County  has  similar  general  jurisdiction  over 
the  remaining  288  square  mile  study  area.  Initially,  the  study  is  concen- 
br*ting  on  one  pilot  basin  - Maline  Creek  - where  the  problems  are  the 
most  urgent.  The  degree  of  urbanization  of  these  basins  is  quite  evident 
as  witnessed  by  the  highly  developed  transportation  network  (Figure  1). 

Floods  have  occurred  on  all  the  various  watercourses  and  channel 
conditions  are  steadily  deteriorating  as  urbanization  continues.  Six 
lives  have  been  lost  during  floods;  with  five  drownlngs  since  1964,  further 
illustrating  the  effect  of  people  pressures  and,  in  many  areas,  unplanned 
urbanization.  Since  separate  sanitary  sewer  systems  serve  essentially 
all  of  the  pilot  study  area,  stormwater  runoff  and  its  effects  are  the 
chief  problems  for  which  a solution  is  needed. 

This  paper  will  discuss  possible  plans  to  solve  these  urban  storm- 
water problems.  The  overall  planning  of  the  study  is  presented  herein, 
with  the  emphasis  on  the  development  of  a hydrologic -economic  model  for 
use  in  evaluating  preproject  and  project  conditions. 


^Hydraulic  Engineer,  General  Hydrology  Section,  St.  Louis  District,  Corps 
of  Engineers. 
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History 


Authority  for  the  St,  Louis  Area  Study  was  provided  by  three  resolu- 
tions adopted  by  Congress  in  1966,  1970  and  1971,  in  response  to  local 
requests.  The  first  resolution  was  a single-purpose  flood  control  author- 
ity. The  second  resolution  expanded  the  effort  to  Include  not  only  flood 
control,  but  also  "other  water  and  related  land  resource  purposes."  The 
third  resolution  specified  that  a plan  be  prepared  to  include  analysis  of, 
but  not  be  limited  to,  waste  water  management  facilities,  regional  water 
supply,  wise  use  of  flood  plain  lands,  flood  control,  recreation,  fish  and 
wildlife,  water  quality  and  environmental  enhancement  for  the  entire  517 
square  mile  City  of  St.  Louis  and  St.  Louis  County  Area. 

Work  was  initiated  in  December  1967  with  the  advice  of  allotment  of 
funds.  In  June  1968,  the  initial  public  hearing  was  held  with  more  than 
100  persons  attending.  Improvements  were  requested  to  prevent  loss  of 
life  due  to  drowning  and  to  control  stormwater,  backwater  and  erosion. 

There  was  and  is  no  known  opposition  to  the  proposed  study.  The  final 
Detailed  Plan  of  Survey,  submitted  in  October  1970,  provided  for  three 
area-wide  special  studies  and  a detailed  pilot  study  of  the  problems  of 
surface  water  runoff  fi.r  the  first  basin  to  be  analyzed:  Maline  Creek. 

The  three  arv.a-wide  studies  are:  environmental;  socio-economic;  and 
hydrologic.  The  environmental  and  socio-economic  area-wide  studies  will 
be  performed  for  the  City  of  St.  Louis  and  surrounding  seven  counties 
(Figure  2).  The  hydrologic  study  will  be  confined  to  are?.s  where  adequate 
streamflow  data  exists.  At  present,  this  consists  of  the  City  of  St.  Louis 
and  St.  Louis  County  (Figure  3). 

AREA-WIDE  STUDIES 

Environmental 

The  area-wide  environmental  study  will  cover  all  necessary  aspects 
or  the  St.  Louis  Metropolitan  Area.  An  environmental  Inventory  will  be 
provided  for  such  factors  as:  flora;  fauna;  geomorphology;  soil  type; 
and  archeological  and  historic  sites.  Some  environmental  needs  and  prob- 
lems include:  retarding  erosion;  preservation  of  remaining  open  space; 
environmental  enhancement,  and  water-use  Improvements. 

A water  quality  sampling  program  is  also  undetway.  Monthly  samples 
are  taken  at  25  sites  within  the  MSD  area  during  periods  of  normal  and 
stormwater  flow.  The  testing  Includes  determination  of  physical,  chemi- 
cal and  biological  parameters.  This  information  will  help  determine  the 
feasibility  of  water-related  recreation  in  the  basins.  Results  to  date 
indicate  problems  exist  during  periods  of  low  flow  due  to  Insufficient 
dissolved  oxygen  (DO).  The  flow  is  not  currently  toxic. 
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Socio-economic 


The  framework  for  the  socio-economic  analysis  will  be  provided  by  a 
metropolitan  land-use  allocation  model.  Using  detailed  data  on  current 
land  use,  population  distribution  and  associated  physical  land  character- 
istics, along  with  projections  of  population  and  employment,  probable 
future  development  will  be  determined  by  census  tracts  for  the  City  of 
St.  Louis  and  seven  surrounding  counties. 

A local  industrial  planning  group  has  updated  a shift-share  analysis 
of  the  St.  Louis  regional  economy  which  projects  population,  employment, 
and  payrolls  (by  selected  industry  groups),  on  a county  basis  for  the 
period  1980-2020.  Another  local  agency  is  collecting  detailed  land  use 
information  and,  together  with  representatives  of  the  Corps  of  Engineers, 
will  attempt  to  weight  the  variables  to  reflect  their  impacts  on  private 
development  decisions.  Finally, an  operations  research  specialist  from 
the  University  of  Missouri,  St.  Louis,  is  developing  a computer  model 
which  will  determine  probable  future  development  of  each  land  unit. 
Calibration  of  the  model  will  be  accomplished  employing  sensitivity  analysis 
to  define  the  most  relevant  variables  and  any  potential  need  to  refine  the 
existing  data  base. 

Output  will  be  in  the  form  of  land-use  projections,  by  tract,  for 
10-year  intervals.  Modification  of  the  assumptions  regarding  development 
criteria  will  enable  the  model  to  show  how  development  patterns  would 
differ  as  alternate  land-use  decisions  are  made:  for  example,  how  the 
overall  pattern  of  land-use  would  differ  with  and  without  flood  control 
projects.  This  increases  objectivity  in  evaluating  alternatives  to  flood- 
plain  development  sites. 

Hydrologic 

The  area-wide  hydrologic  study  was  conceived  as  an  analysis  of  the 
hydrologic  relationships  of  the  major  streams  in  the  MSD  area.  In  July 
1967  the  U.S,  Geological  Survey,  in  cooperation  with  the  Metropolitan 
St.  Louis  Sewer  District  (MSD),  initiated  a five-year  program  to  collect 
meteorologic  and  hydrologic  data  in  developed  urban  areas  throughout 
St.  Louis.  A network  of  18  rainfall  and  23  runoff  recording  gages 
were  installed  in  these  basins  (Figure  3).  Collected  data  is  recorded  in 
5-minute  intervals.  It  is  planned  to  use  the  data  collected  in  a general- 
ized hydrologic  analysis.  Because  the  period-of -record  is  short,  no 
frequency  analysis  is  planned.  Instead,  the  highest  floods  for  each  gage 
will  be  selected  and  the  rainfall  runoff  data  obtained  from  USGS.  With 
this  data,  unit  hydrograph  and  rainfall  loss  factors  will  be  determined 
by  using  the  HEC-1  (Flood  Hydrograph  Package)  Computer  Program.  General- 
ized relationships  will  be  developed  between  hydrologic  characteristics 
and  basin  parameters,  such  as,  unit  hydrograph  and  rainfall  loss  factors 
correlated  with  drainage  basin  characteristics.  It  is  hoped  that  the 
detailed  Information  developed  for  the  MSD  area  will  be  generally  appli- 
cable to  the  entire  Metropolitan  St.  Louis  Area. 
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MALINE  CREEK  STUDY  j 

i 

General  Planning  Approach  | 

The  Mallne  Creek  Basin  is  being  used  as  the  pilot  study  for  the 
analysis  of  surface  water  runoff  problems  for  the  stream  basins  in  Metro-  i 

politan  St.  Louis.  This  basin  was  selected  because  of  the  Intense  local  i 

interest,  as  evidenced  by  self-imposed  taxes  to  meet  any  local  contribu-  i 

tion  required.  In  addition,  the  Maline  Creek  Basin  exhibits  the  full  range 
of  water-resource  problems  likely  to  be  found  in  the  other  22  basins. 

Therefore,  the  successful  completion  of  the  Maline  Creek  Basin  Study  will 

provide  a sound  basis  of  experience  for  resolving  the  remaining  study  area  i 

problems. 


The  Maline  Creek  Study  is  an  examination  of  the  future  trends  of 
socio-economic  and  hydrologic  conditions,  with  and  without  Corps  improve- 
ments. Possible  improvements  could  be  structural  (trapezoidal,  concrete- 
lined  channels)  or  non-structural  (parks,  greenways,  natural  earth 
channels)  or  various  combinations  thereof.  With  the  formulation  and  analysis 
of  two  plans  depicting  the  full  range  of  potential  improvements  engineeringly 
possible,  the  public  will  be  requested  to  actively  participate  in  formulating 
a third  plan.  After  these  three  plans  have  been  evaluated,  a Pre-Formulation 
Public  Hearing  will  be  held  and  all  three  plans  formally  presented  and 
discussed.  From  the  reaction  at  the  public  hearing,  it  is  hoped  that  broad 
support  will  be  generated  for  one  of  the  three  plans.  Following  more 
detailed  analysis  of  the  selected  plan,  the  Maline  Creek  Interim  Report 
will  be  prepared. 

Plans  of  Improvement 

The  three  alternative  plans  of  improvement  to  be  evaluated  will  be 
carefully  designed  to  respond  to  the  multi-purpose  needs  of  the  area.  Only 
the  means  of  meeting  the  multi-purpose  needs  vary  from  one  alternative  to 
the  next.  These  means  are  briefly  described  as  follows; 


a.  Plan  "A"  is  a structurally-oriented  plan  of  improvement, 
consisting  mainly  of  rectangular  and  trapezoidal  concrete-lined  channels 
with  possible  enlargement  of  bridge  openings,  designed  in  an  environmentally 
compatible  manner.  In  the  areas  where  the  stream  passes  through  parks, 
gabion-lined  channels  will  be  fully  considered.  A few  small  upland  deten- 
tion reservoirs,  somewhat  similar  to  Soil  Conservation  Service  detention 
reservoirs,  may  be  used  to  enhance  low  flow  water  quality. 

b.  Plan  "C"  is  a non-structurally  oriented  plan  emphasizing  the 
use  of  natural  channels,  open  space  and  land-use  regulations.  Where 
channel  stabilization  is  necessary,  natural  looking  materials,  such  as 
gabions,  will  be  used  to  retard  erosion  and  degradation.  A large  number 
of  upland  dry  reservoirs  will  provide  a measure  of  flood  protection,  with 
the  pool  areas  used  as  parks  and  open  space  during  non-flood  periods. 
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Permanent -pool  reservoirs  may  be  used  for  low  flow  augmentation  to 
enhance  water  quality.  In  the  park  areas,  weirs  or  inflatable  rubber  dams 
will  be  analyzed  to  create  small  channel  pools  for  esthestic  and  recreation 
purposes . 

c.  Plan  "B"  will  probably  be  a combination  of  the  other 
two  plans,  as  selected  through  local  participation  and  public  workshops. 

All  three  alternative  plans  will  be  designed  to  resolve  the  same  multi- 
purpose needs  of  the  area  through  installation  of  various  kinds  or 
types  of  improvements. 

General  Hydrologic  Approach. 

A hydrologic-economic  model  of  the  Maline  Basin  is  established  to 
obtain  stage  and  damage  data  throughout  the  watershed  for  various  frequency 
floods.  These  data  are  developed  from  flood  frequency  profiles  and  stage 
damage  data  for  both  existing  and  future  pre-project  conditions.  With  an 
economic  and  hydrologic  base  established,  profiles  and  damages  are  determined 
for  each  of  the  three  alternate  plans.  When  the  selected  plan  is  known, 
a more  detailed  hydraulic  analysis  would  be  performed. 

Hydrologic  Analysis 

Because  of  a decision  to  accelerate  the  originally  scheduled  comple- 
tion date  of  the  Maline  Creek  Interim  Report,  the  area-wide  analysis  was 
postponed.  Present  plans  call  for  completion  of  this  analysis  after  the 
Maline  Creek  Interim  Report  and  before  initiation  of  the  next  basin  study. 
Therefore,  the  basic  datato  formulate  a hydrologic  model  was  derived  for 
only  those  gages  in  the  Maline  Creek  Basin. 

The  main  problem  with  almost  any  urban  hydrology  study  is  a lack  of 
adequate  streamflow  data.  The  Maline  Creek  Study  is  no  exception.  No 
rainfall  or  streamflow  records  were  kept  in  the  basin  prior  to  1967,  when 
the  U.S.  Geological  Survey  program  began.  The  short  period-of -record  of 
these  gages  does  not  allow  for  any  frequency  analysis  and  no  large  floods 
have  occurred  during  the  period-of -record . At  present,  four  USGS  rain 
gages,  located  in  and  around  the  Maline  Creek  Basin,  and  three  USGS  stream 
gages  served  to  supply  the  basic  data  to  construct  the  hydrologic  model. 

From  the  short  period-of-record , the  four  largest  floods  were  selected  and 
the  rainfall-streamf low  data  obtained  from  USGS.  Additional  highwater  mark 
data  were  obtained  from  USGS  staff  gages  for  selected  floods  occurring  since 
the  start  of  recorded  data  in  1967. 

Using  the  HEC-1  (Flood  Hydrograph  Package)  computer  program's  unit 
hydrograph  optimization  routine,  the  recorded  rainfall  and  streamflow  data 
were  used  to  optimize  six  variables  defining  the  unit  hydrograph  and  infil- 
tration loss  factors  for  each  gage.  Two  of  the  variables  define  time  of 
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concentration  and  attenuation  of  the  Clark  Unit  Hydrograph.  The  other 
variables  establish  the  HEC-1  program's  exponential  rainfall  loss  curve. 
Reconstitution  of  the  flow  hydrograph,  using  these  variables,  was  ex- 
cellent, as  seen  in  Figure  4.  The  next  step  was  the  development  of  the 
hydrologic  basin  model.  In  the  model,  the  Maline  Basin  is  divided  into 
48  sub-basins  with  unit  hydrograph  variables  chosen  for  each  area.  Sub- 
basin selection  was  based  on  the  number  of  Maline  tributaries  to  be 
analyzed  and  the  number  of  routing  reaches  required  for  damage  evalua- 
tion. Using  HEC-1,  sub-basin  hydrographs  are  computed,  routed  and  com- 
bined to  determine  st;reamflow  throughout  the  system.  The  hydrologic 
model  was  tested  by  closely  reproducing  the  recorded  streamflow  data 
at  the  three  USGS  streamflow  gages.  One  hydrograph  reproduced  by  the 
model  is  shown  in  Figure  b.  Concurrently,  water  surface  profiles  are 
computed  using  the  HEC-2  (Water  Surface  Profiles)  Computer  Program  to 
reproduce  the  available  high  water  marks  using  the  flows  developed  by 
the  model  for  each  of  the  four  storms.  In  this  way,  a cross  check  of 
the  model  verifying  both  recorded  flow  hydrographs  and  water  surface 
elevations  is  achieved. 

With  the  basin  hydrologic  model  verified,  it  was  then  used  to  com- 
pute various  frequency  flood  events.  Rainfall  for  the  2-  through  100- 
year  frequency  storms  was  taken  from  National  Weather  Service  frequency 
rainfall  curves  which  were  developed  for  the  City  of  St.  Louis  Gage. 

This  frequency  rainfall  was  applied  to  the  model  and  the  resultant 
floods  routed  through  the  present  stream  system  using  the  HEC-1  Program. 
Flow-stage  relationships  developed  from  backwater  computations  and  stage- 
damage  data  are  also  inputted  into  the  HEC-1  Program  to  obtain  water  sur- 
face elevations  and  corresponding  economic  damages  at  desired  locations 
in  the  stream  system.  Frequency -damages  are  thus  established  for  present 
conditions.  After  modifying  the  unit  hydrographs,  infiltration,  and 
routing  characteristics  in  the  basin  model  to  reflect  future  changes  in 
population  density  and  land  use,  the  hydrologic  model  is  rerun  for  future 
ultimate  development  wit'hout  stream  improvements.  Therefore,  a hydro- 
logic-economic base  is  established  for  present  and  future  basin  condi- 
tions without  improvements.  This  is  the  point  presently  reached  by  the 
St.  Louis  District  as  of  March  1972. 

The  hydrologic -economic  model  is  then  modified  to  briefly  evaluate 
each  of  the  possible  plans  of  improvement.  The  structurally-oriented. 

Plan  A,  will  be  analyzed  by  modifying  the  data  used  in  HEC-2  to  determine 
the  water  surface  profiles  for  pre-project  conditions.  Reach  lengths, 
channel  dimensions  and  values  of  channel  friction  may  be  varied  to  deter- 
mine the  effects  of  channel  straightening,  increased  channel  capacity  and 
paving,  respectively.  The  new  storage -discharge  relationships  obtained 
from  profile  computations  would  be  used  in  the  hydrologic  model  during  the 
routing  of  the  sub-basin  hydrographs.  The  effect  of  small  detention  areas 
will  be  studied  by  inputting  the  reservoir  storage  and  outflow  relation- 
ships. With  the  various  structural  changes  Included,  the  hydrologic -eco- 
nomic model  is  operated  to  compute  the  new  frequency  discharge -damage 


relationships.  The  non -structural  Plan  C and  combination  Plan  B would  be 
evaluated  in  a similar  manner  by,  again,  modifying  the  cross  sections  in 
the  HEC-2  program  to  show  the  effects  of  each  plan.  The  extensive  use  of 
gabions,  enlarged  earth  channels,  upstream  detention  areas  and  channel 
weirs,  as  well  as  uses  of  flood  plain  areas  as  parks  and  open  space,  can 
be  studied  in  the  model. 

When  the  preferred  plan  is  selected,  a more  detailed  hydraulic  study 
will  be  conducted.  Hydraulic  design  criteria  will  then  be  finalized  for 
the  Maline  Creek  Interim  Report.  Hydraulic  criteria  to  be  determined  in- 
clude; optimum  channel  sizes;  type  and  alignment  of  channel;  reservoir 
storage  volume  and  outlet  sizing;  bridge  modifications  (opening)  required; 
and  frequency  profiles  with  the  selected  plan  of  improvement. 

SUMMARY 

The  St.  Louis  District,  Corps  of  Engineers,  has  embarked  on  one  of 
the  fi  St  major  urban  studies  encompassing  nearly  all  surface  water- 
relatea  problems.  The  Maline  Creek  Interim  Report  is  expected  to  be  a 
model  of  Corps  response  to  urban  surface  runoff  problems.  Methods  used 
in  the  analysis  and  the  potential  solutions  being  considered  are  be- 
lieved to  be  innovative  and  unique  for  the  Corps  of  Engineers. 


63 


MMTEftSHfOS  AND  SURFACE  WATER  


Okla' 


LOCKAOAW 

NOM 


f-  cOC« 

NQ«7 


LOOlS  CO 


X -uses  Rainfall  Gages 


MrrKOPOLfTAN  ST  LOUIS  AREA.  INSSOURI 


LOCATIOH  OF  STUDY  AREA 


HYDROLOGIC  PLANNING  IN  AN  URBAN  AREA 


Qtiestlon,  Mr.  Antle;  Can  two  plans  be  developed  with  exactly  equal  outputs 
for  all  of  the  nultlple  functions?  1 believe  that  this  strategy  Is 
Inconsistent.  While  the  attempt  at  public  Involvement  proposed  Is  to 
be  applauded  - would  It  not  be  preferable  to  seek  participation 
earlier  In  the  process,  e.g.,  hypothesizing  objectives,  rather  than 
just  to  ascertain  the  project  function  mixes  Involved  In  selecting  a 
proposed  course  of  action? 

Reply.  Mr.  Astrack;  The  paramount  key  to  effective  urban  planning  la 

considered  to  be  implementation.  This  goal  clearly  rests  In  the  hands 
of  local  "publics"  and  "Implementors."  Accepting  and  appreciating  this 
primary  concept  has  resulted  In  developing  an  urban  planning  approach 
which  tends  to  maximize  early  and  continuing  public  participation  and 
local  decision  making. 

A short  discussion  of  this  planning  approach  Is  available  from  the 
St.  Louis  District,  Corps  of  Engineers,  entitled  "Abbreviated  Multi- 
component  Urban  Planning  Approach,"  March  1972.  In  summary,  this 
approach  hinges  on  comprehensive,  effective  public  participation.  It  Is 
assumed  that  there  is  only  one  all-encompassing  objective  for  any  area, 
and  that  is  the  well  being  of  all  the  people.  Anything  less  Is  unacceptable, 
and  all  other  objectives  (l.e.,  flood  control,  water  quality,  recreation, 
etc.)  can  be  stated  as  a component  need  under  this  one  all  encompassing 
goal.  Once  this  concept  Is  accepted,  the  task  becomes  one  if  specifying 
the  multi-component  needs  of  the  problem.  The  proposed  approach  Is 
based  on  the  "publics"  and  "implementors"  first  clearly  establishing 
each  of  the  needs,  and  then  actively  deciding  on  minimum  publicly 
acceptable  satisfaction  levels. 

Effective  Implementation  lies  with  the  regional,  state,  local  govern- 
ments and  ultimately  with  Individual  citizens.  Therefore,  this  proposed 
approach  assigns  to  these  "Implementors"  the  earliest  possible  role  and 
continuing  maximum  control. 


lestlon.  Mr.  Gaum;  Why  is  the  public  participating  in  only  one  plan? 


Reply.  Mr.  Astrack;  The  public  is  participating  in  the  creation  of  one 
plan  because  it  will  be  the  recommended  plan.  The  other  two 
potential  plans  have  been  assembled  by  technical  experts  only  as  a 
means  of  focusing  public  attention  within  the  reasonable  range  of 
alternatives  that  are  englneeringly  possible  and  economically  feasible. 

Question.  Mr.  Gaum;  Why  not  Integrate  the  best  of  the  three  plans  rather 
than  choosing  one  of  the  three? 

Reply.  Mr.  Astrack;  The  "people's  plan,"  or  Plan  B,  may  be  either  Plan  A 
or  C,  a combination  of  these  two  alternatives,  or  an  entirely  new  plan. 

Question . Mr . Gaum ; Will  the  SCS  type  detention  structures  be  efficient 
in  low  flow  supplementation  for  water  quality  Improvement?  Is 
storage-yield  sufficient  to  provide  outflow  for  the  period  of  needs? 
Operation  for  period  of  need? 

i 

Reply,  Mr.  Astrack!  These  studies  have  not  yet  been  undertaken.  However, 

it  is  anticipated  that  SCS  type  detention  structures  will  not,  in  general, 
provide  low  flow  augmentation  in  significant  amounts.  These  structures 
appear  to  have  greatest  value  with  regard  to  flood  control  and  downstream 
I erosion  retardation. 

I Comment.  Mr.  Gaum;  Label  hydrograph  as  to  basin  name,  DA,  and  type  of 

storm.  I think  it  would  be  more  appropriate  to  call  the  storage  sites 
i shown  temporary  ponding  areas  rather  than  "reservoirs." 

j 
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RAINFALL  RUNOFF  FROM  URBAN  DRAINAGE  AREAS 
by  CLARKE  L.  CARTER^ 


INTRODUCTION 

General 


Numerous  cities  and  towns  in  Georgia  are  frequently  experiencing  flood 
problems,  not  necessarily  from  rivers  with  thousands  of  square  miles  of 
drainage  area,  but  from  small  brooks  with  watersheds  varying  from  a few 
hundred  acres  to  5 or  10  square  miles.  The  peaceful  brook  that  formerly 
experienced  infrequent  floods  causing  nondamaging  inundation  of  the  swamp- 
lands and  meadows,  now  is  a wall-lined  channel  or  a burled  conduit  with 
inadequate  capacity  for  the  accelerated  runoff.  Typical  excerpts  from 
Georgia  newspapers  follow: 

a.  The  Athens  Banner-Herald  had  this  to  say  about  the  June  1963  storm: 
"Some  five  and  one-half  Inches  of  rain  fell  on  Athens-Clark  County  Wednes- 
day causing  heavy  damage  to  homes,  places  of  business,  streets  and  automo- 
biles. City  Engineer,  Jack  Beacham,  said  that  more  damage  was  done  by  the 
storm  last  night  than  he  has  ever  seen  since  becoming  City  Engineer  in 
1930." 

b.  A similar  event  occurred  in  May  1966.  The  Athens  Dally  News  made 
the  following  statement  about  this  storm:  "Major  flooding,  triggered  by 
a nine-inch  rainfall  in  Athens  Thursday  night  blocked  roads,  forced  many 
families  to  flee  their  homes  and  caused  heavy  damage  throughout  the  area  . . . 
two  rain  gages  in  Athens  recorded  over  nine  Inches  of  rain  while  the 
official  U.  S.  Weather  Bureau  Station  at  the  airport  had  only  a compara- 
tively light  2.35  Inches.  The  city  water  plant  gage  showed  9.1  inches  of 
rain  fell  from  10:00  p.m. , Thursday  until  3:00  a.m. , Friday.  It  was  this 
downpour  that  quickly  flooded  storm  sewers  beyond  capacity  and  made  rivers 
of  city  streets,  stranding  cars  in  low  places." 

c.  The  Savannah  Morning  News  had  this  to  say  about  the  August  1970 
storm  that  struck  the  southslde  of  Savannah-Chatham  County:  "A  lingering 
chain  of  thunderstorms  unloaded  at  least  5.8  inches  of  rain  on  parts  of 
Chatham  County  yesterday  and  turned  some  southslde  subdivisions  into  vir- 
tual disaster  areas  with  floods  that  routed  scores  from  their  homes  (rescue 
workers  estimated  that  from  145  to  175  familes  had  been  routed).  Many 
streets  were  impassable  and  dozens  of  cars  were  Inundated.  Parts  of  the 
subdivisions  were  totally  cut  off  for  hours." 

d.  The  Savannah  Evening  Press  had  this  to  say  about  the  August  1971 
Flood:  "Torrential  rains  boidbarded  the  whole  of  Chatham  for  hours,  delug- 
ing the  area  with  more  than  seven  Inches  of  rain  — more  than  half  of  it 


^Chief,  Hydraulics  Section,  Savannah  District 
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between  7 p.m.  and  11  p.m.  Thousands  of  stunned  Savannahlans  and  County 
residents  watched  as  the  "Hundred  Year  Flood"  of  August  1970  happened 
again.  Only  this  time,  just  over  a year  later,  It  struck  In  an  Incredibly 
large  area,  leaving  hundreds  of  people  — many  of  them  poor  families  — 
homeless  and  their  possessions  destroyed. 

These  excerpts  from  the  Athens  and  Savannah  Georgia  papers  are  not  unique, 
but  may  be  found  In  every  urban-suburban  area  newspaper  In  Georgia  and  else- 
where In  the  United  States. 

Many  metropolitan  areas  are  good  examples  of  unwise  land  use.  The  use  of 
much  of  thlt  land  was  predicated  on  studies  for  natural  basin  conditions, 
resulting  In  flood  plains  being  used  for  both  residential  and  commercial 
developments.  Rapid  suburban  development  has  greatly  Increased  flood  run- 
off factors  In  these  basins  and  flood  damage  has  become  more  frequent  and 
severe.  In  completely  developed  areas,  we  find  great  public  pressure  for 
flood  reduction  measures.  However,  the  options  available  for  solving  these 
problems  now  have  become  extremely  limited. 

Flood  damages  In  many  metropolitan  areas  are  ballooning  and  much  could  have 
been  prevented  by  timely  land-use  planning.  However,  to  adequately  plan 
for  the  development  of  suburban  areas  there  is  needed  a more  accurate  defi- 
nition of  flood  frequencies  In  metropolitan  areas.  If  this  Information 
were  available,  the  planner  could  project  the  type  and  density  of  land  use 
development  that  will  occur  in  a basin,  and  zone  land  according  to  the  pro- 
jected profile  of  stream  elevations  for  discharges  of  various  frequencies. 
This  determination  is  not  possible  at  the  present  time  because  of  inade- 
quate streamflow  data  for  metropolitan  areas. 

Scope  of  Paper 

This  paper  describes  the  features  of  a current  urban  flood  runoff  study  by 
the  Savannah  District  Corps  of  Engineers  and  U.  S.  Geological  Survey  per- 
sonnel in  Georgia.  This  study  was  determined  necessary  because  frequently 
in  project  planning  studies  associated  with  urban-suburban  areas,  stream- 
flow  records  are  lacking  as  a base  of  reference  for  estimating  flood  magni- 
tudes and  frequencies. 


DESCRIPTION  OF  STUDY 

Urbanization  creates  a special  demand  for  hydrologic  data.  There  Is  a 
need  to  redefine  the  water  regime,  both  quality  and  quantity,  in  the  new 
environment.  Data  are  needed  for  the  design  of  water-supply  facilities 
and  protection  of  raw  water  suppliers;  for  planning  the  disposal  of  waste; 
for  determining  the  optimum  pattern  of  land  use;  and  for  the  adequate 
design  of  storm-drainage  facilities. 

Flood  magnitudes  and  frequencies  are  generally  derived  by  the  Corps  from 
criteria  and  methods  presented  In  "Statistical  Methods  and  Frequencies  In 
Hydrology"  by  Leo  R.  Beard.  In  drainage  basins  where  there  Is  a lack  of 


L 


streamflow  records,  a regional  frequency  analysis  is  derived  using  other 
stream-gaging  stations  in  the  same  hydrologic  region.  These  criteria  and 
methods,  however,  cannot  be  adopted  for  determining  flood  magnitudes  and 
frequencies  in  urban-suburban  areas  in  Georgia.  Urbanization  produces  vast 
changes  in  the  flood  runoff  characteristics  of  watersheds;  therefore, 
natural  (rural)  basin  flood-frequency  relations  are  not  applicable  to  urban 
streams.  Figure  1 gives  a good  pictorial  view  of  the  problem  being  encoun- 
tered in  many  urban  areas.  The  solid  line  hydrograph  Qn  in  figure  one 
represents  a flood  from  a natural  drainage  basin.  Many  of  our  structures 
within  urban  areas  were  designed  based  on  flood  hydrographs  resulting  from 
natural  conditions.  Improvement  of  the  drainage  system  by  adding  storm 
sewers  and  aligning  stream  channels  will  result  in  the  runoff  leaving  the 
basin  sooner  as  shown  by  the  dotted  line  hydrograph  Qs.  However,  these 
Improvements  will  have  little  effect  on  the  volume  of  rainfall  excess  so 
the  volume  of  runoff  represented  by  the  area  under  each  hydrograph  is  approxi- 
mately equivalent  for  these  two  conditions.  As  a drainage  basin  develops, 
construction  of  buildings,  highways,  and  parking  lots  reduce  the  amount  of 
precipitation  that  infiltrates  into  the  ground,  thereby  increasing  the 
amount  of  rainfall  excess  and  direct  runoff,  and  results  in  the  hydrograph 
as  shown  by  the  dashed  line  Qu.  These  hydrographs  assume  uniform  areal 
distribution  of  development  within  the  basin.  A concentration  of  develop- 
ment at  either  the  lower  or  upper  part  of  the  basin  could  result  in  hydro- 
graphs quite  different.  In  actual  basin  development  the  drainage-channel 
improvement  and  impervious  area  construction  often  occur  concurrently  and 
it  is  not  possible  to  observe  directly  tne  individual  effects  of  either 
change.  Further  complicating  our  problem  is  the  fact  that  few  hydrologic 
data  observations  currently  are  available  for  streams  in  metropolitan  areas. 

In  designing  a data  collection  system  to  obtain  the  necessary  information, 
it  is  important  to  first  consider  hov;  the  information  may  be  analyzed 
because  the  analytical  method  determines  the  type  of  data  required.  The 
U.  S.  Geological  Survey  personnel  in  Georgia  proposes  to  use  a hydrologic 
model  which  is  discussed  briefly  in  an  attachment  to  this  paper.  The  pro- 
posed data  collection  system  will  be  designed  to  furnish  input  to  this 
model.  The  rainfall-runoff  data  obtained  from  the  data  network  could  be 
utilized  readily  in  other  models  because  the  data  will  be  prepared  for 
computer  input  on  cards  and/or  magnetic  tape. 

The  use  of  a hydrologic  model  offers  a more  sophisticated  approach  to  the 
definition  of  flood  frequencies  in  metropolitan  areas  than  methods  currently 
being  used.  However,  sophistication  does  not  necessarily  produce  better 
answers.  The  hydrologic  model  proposed  offers  the  combination  of  the 
ability  to  use  the  best  hydrologic  relations  available  from  theoretical 
and  applied  research  and  the  facility  for  rapidly  solving  some  complex 
mathematical  expressions  using  large  amounts  of  data  through  the  use  of 
the  computer. 

The  hydrologic  model  considered  here  is  a set  of  mathematical  statements 
that  attempt  to  describe  the  land  phase  of  the  hydrologic  cycle.  It  per- 
forms a continuous  accounting  of  the  moisture  within  a drainage  basin. 

Using  a series  of  precipitation  observations  as  input,  the  model  attempts 


to  continually  assess  the  changes  In  moisture  levels  and  to  route  the 
excess  moisture  through  the  basin  so  as  to  simulate  the  streamflow  that 
would  be  observed  at  the  basin  outlet. 

Data  will  be  collected  from  about  20  urban  basins  in  the  Atlanta  metropoli- 
tan area  which  will  be  selected  to  represent  a range  in  drainage  area  (1  to 
20  square  miles),  imperviousness,  drainage  channel  improvement  including 
storm  sewers,  the  location  (lower  or  upper  portion)  of  the  development  with- 
in the  basin,  etc.  The  sites  selected  will  include  a sample  of  various 
types  of  urban,  suburban,  and  industrial  development  as  well  as  a range  of 
topographic  variables.  Basins  with  "complete"  development  will  be  pre- 
ferred and  those  undergoing  change  or  where  changes  are  anticipated  will 
be  avoided.  Gaging  stations  at  the  outlets  of  the  selected  basins  will  be 
equipped  with  two  digital  recorders  to  obtain  flood  hydrograph  and  storm 
rainfall  data  at  5-  to  15-minute  intervals. 

For  basins  larger  than  10  square  miles,  an  additional  rain  gage  may  be 
Installed  in  the  headwater  area.  Because  of  the  traffic  congestion  and  the 
rapid  surface  runoff  response  to  rainfall,  most  stations  will  be  located  at 
culverts  so  that  high-water  stage-discharge  relations  can  be  determined 
directly.  Current-meter  verifications  of  these  ratings  will  be  obtained 
where  possible. 

Depending  upon  the  number  of  storm  rainfall  events  experienced,  data  will 
be  collected  for  about  eight  years.  When  sufficient  data  (about  30  signi- 
ficant runoff  events)  are  available  at  a site,  the  rainfall  runoff  model 
will  be  calibrated.  U.  S.  Weather  Bureau  rainfall  data  at  Atlanta  will  be 
utilized  to  simulate  a long  peak  runoff  record  for  the  site  from  which  syn- 
thetic flood-frequency  data  can  be  generated.  When  sufficient  sites, 
representing  varying  degrees  of  urbanization,  have  been  analyzed,  a region- 
alized urban  flood  frequency  relationship  can  be  developed. 

The  value  of  the  study  to  the  development  of  appropriate  hydrologic  criteria 
and  to  much  of  the  project  design  activities  and  flood  plain  information 
studies  of  the  Savannah  District  is  recognized  by  SAD  and  OCE.  It  has  been 
suggested  by  OCE  that  the  District  investigate  the  possibility  of  coordi- 
nated study  with  participation  with  other  Federal,  state  and/or  local  agencies. 
It  is  also  noted  that  the  proposed  study  is  considered  by  HEC  to  be  within 
the  framework  of  their  ongoing  research  project  on  urban  hydrology;  but  they 
indicate  that  funding  for  the  collection  and  processing  of  basic  data  is  not 
considered  a function  chargeable  to  HEC  Research  funds.  They  indicate,  how- 
ever, that  the  analytical  development  could  be  funded  or  supported  by  HEC. 

The  regional  urban  flood  frequency  relationship  developed  as  a result  of 
this  research  study  will  be  made  available  to  all  Federal,  state  and/or 
local  agencies  when  complete.  Under  current  funding  schedules  and  personnel 
availability,  it  is  anticipated  that  the  study  will  be  concluded  in  FY  1983. 


74 


DISCHARGE  AND  PRECIPITATION 


FLOOD  HYDROGRAPHS 

FIGURE  I. 
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Attachment 


uses  RAINFALL-RUNOFF  MODEL 
AND  FLOOD- FREQUENCY  REGIONALIZATION 


The  uses  has  developed  a small  streams  rainfall-runoff  model,  which  simu- 
lates surface  runoff  response  (with  emphasis  on  the  flood  peak)  to  storm 
rainfall.  The  model  is  based  on  the  infiltration  method  for  computing  run- 
off from  storm  rainfall  and  consists  of  three  components; 

1.  Soil  moisture  - computes  soil-moisture  conditions  at  beginning 
of  storm  period  using  a moisture  accounting  technique  which 
utilizes  an  input  of  daily  rainfall  and  evaporation  and  model 
parameters  EVC,  BMSM,  RGF,  RR,  and  DRN  (See  table  1) . 

2.  Rainfall  excess  - computes  rainfall  excess  from  an  infiltration 
equation  which  utilizes  an  input  of  storm  rainfall  at  a speci- 
fied time  interval  and  model  parameters  PSP,  KSAT,  RGF,  and 
BMSM  (See  table  1).  The  base  flow  contribution  to  the  flood 
hydrograph  is  not  considered  and  the  results  are  biased  to  that 
extent . 

3.  Routing  - routes  the  rainfall  excess  through  a time-area  histo- 
gram and  linear  storage  at  the  basin  outlet  (Clark  method). 

Linear  storage  is  represented  by  a time  characteristic  model 
parameter.  The  time-area  histogram  is  initially  triangular  and 
defined  by  two  parameters. 

Initially  the  ten  parameter  values  are  estimated  and  the  model  computes  an 
output  of  flood  peaks  and  volumes.  The  measure  of  the  "goodness  of  fit" 
of  the  simulated  data  is  the  objective  function  which  has  components  as 
follows: 


Peaks 

Ui  = 

(logg  simulated  peak-logg  observed  peak)^ 

Volumes 

U2  = 

2 

(logg  simulated  volume-logg  observed  volume) 

Peak/Volume 

U3  - 

Ui  + 1/2  U2 

The  parameter  values  are  automatically  adjusted  by  a modified  Rosenbrock 
technique  to  produce  a minimum  objective  function  (Uj^,  U2,  or  U3  selected 
by  the  analyst) . 
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Table  1.  — Soil  moisture  and  infiltration  hydrologic  model  parameters 
and  their  physical  interpretation 


Parameter 

Identifier 

Units 

Interpretation 

PSP 

inches 

Defines  with  RGF  the  relationship  between  soil 
moisture  conditions  and  effective  soil  suction 
pressure  used  in  the  computation  of  infiltra- 
tion rates. 

RGF 

— 

See  PSP 

KSAT 

inches 

per 

hour 

The  minimum  (saturated)  value  of  hydraulic 
conductivity  used  to  determine  infiltration 
soil  rates. 

BMSM 

inches 

Soil  moisture  storage  volume  at  field  capacity 

EVC 

— 

Coefficient  to  convert  pan  evaporation  to 
potential  evapotranspiration  values. 

DRN 

inches 

per 

hour 

A constant  drainage  rate  for  redistribution 
of  soil  moisture. 

RR 

— 

Proportion  of  daily  rainfall  that  infiltrates 
the  soil. 
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The  rainfall-runoff  model  is  used  to  extend  a flood  record  in  time.  Obser- 
vations of  streamflow  and  rainfall  collected  at  a given  site  over  a study 
period  are  used  to  define  the  model  parameters.  Long-term  records  of  rain- 
fall are  used  with  defined  model  parameters  at  a given  site  to  generate  a 
long-term  record  of  peak  discharge.  Flood  frequency  is  then  defined  at 
each  site  using  the  log-Pearson  method  adopted  by  the  Water  Resources 
Council. 

Transfer  of  frequency  data  to  ungaged  sites  will  be  accomplished  by  multiple 
regression  regionalization  techniques.  The  basins  with  defined  flood- 
frequency  characteristics  will  represent  the  range  in  physical  variables 
that  describe  urban  development;  therefore,  regression  equations  that 
express  the  relation  between  floods  of  selected  frequency  and  the  physical 
measures  of  the  basin  can  be  computed  for  the  metropolitan  area.  For 
example, 

QSO  “ f(Area,  slope,  imperviousness,  percent  of  area  with  storm 
sewers,  etc.) 

This  method  of  extending  and  regionalizing  urban  flood  data  does  not 
depend  upon  the  physical  significance  of  the  individual  model  parameters, 
but  only  upon  the  accuracy  of  the  model,  and  upon  the  accuracy  of  the 
regression  equations  for  estimating  floods  of  selected  recurrence  inter- 
vals . 
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RAINFALL  RUNOFF  FROM  URBAN  DRAINAGE  AREAS 


Comment,  Mr.  Fredrlch;  It  seems  that  there  are  at  least  three  or  four 
major  factors  that  should  be  investigated  in  any  program  designed  to 
determine  the  effects  of  urbanization  on  runoff.  First,  for  a given 
watershed,  it  would  be  desirable  to  observe  the  change  in  runoff 
characteristics  resulting  from  changes  in  the  degree  of  urbanization. 
Also,  it  would  be  desirable  for  one  or  more  of  the  gage  records  to  be 
maintained  long  enough  to  observe  a fairly  wide  range  of  runoff 
magnitudes.  Finally,  it  would  be  desirable  for  the  gaged  watershed 
to  represent  a relatively  large  variation  in  size  of  drainage  area. 
Using  Information  on  the  relationships  between  rainfall-runoff  model 
parameters  and  the  physical  difference,  hydrologic  engineers  can 
develop  a basis  for  inferential  Judgements  concerning  the  way  in  which 
model  parameters  should  be  adjusted  to  reflect  each  of  these  types  of 
changes  - either  Independently  or  jointly. 

Reply,  Mr.  Carter;  It  would  be  desirable  to  observe  changes  in  runoff 
characteristics  resulting  from  the  degree  of  urbanization;  however, 
funding  of  this  study  has  limited  the  scope  of  the  study  preferrably 
to  the  completely  urbanized  areas.  The  integration  of  varying 
degrees  of  urbanization  would  distract  from  the  reliability  of 
results  obtained. 

The  continuation  of  one  or  more  of  the  gage  records  will  be  con- 
sidered so  as  to  observe  a wider  range  of  runoff  magnitudes. 

The  drainage  basins  within  the  study  area  will  range  in  size  from 
1 to  20  square  miles. 


Question,  Mr.  Kubik;  What  criteria  was  used  to  establish  that  "39 
significant  runoff  events  ' that  would  be  needed  at  each  site  for 
sufficient  data? 

Reply,  Mr.  Carter:  The  number  of  significant  runoff  events  should 
have  read  30.  The  paper  has  been  corrected  accordingly.  The 
split-sample  technique  will  be  used  to  define  the  values  of  the 
model  parameters;  therefore,  it  is  estimated  that  data  from 
about  30  significant  runoff  events  will  be  necessary  to  define 
and  evaluate  the  model.  One-half  the  data  will  be  used  to 
define  the  parameters  and  the  other  half  will  be  used  to  cali- 
brate the  model. 
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Question.  Mr.  Astract;  Have  you  considered  possibly  using  HEC-1 

Flood  Uydrograph  Package  for  this  regional  study  rather  than  the 
uses  model? 

This  would  seem  feasible  especially  since  GS  seemed  to  require 
39  storm  events  per  gage  for  calibration,  whereas  HEC-1  can 
probably  be  calibrated  with  a considerably  lesser  number  of  storm 
events . 

Reply,  Mr.  Carter;  Currently  there  are  many  hydrologic  models  being 
utilized  and  Improved.  Therefore,  after  data  for  this  urban  study 
has  been  collected,  it  may  be  more  feasible  to  utilize  some  method 
other  than  the  GS  model  currently  being  considered.  Present  plans 
are  to  utilize  the  HEC-1  Flood  Hydrograph  Package  as  a comparison 
of  results  obtained  from  the  GS  model. 
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AM  EVALUAT1(»]  OF  BBSERVOIR  TEMFEBATURE 
PREDICTION  METHODS 

by  EARL  E.  EIKER^ 


INTRODUCTION 

The  growing  concern  with  the  environment  over  the  last  five 
years  has  made  analysis  of  potential  environmental  problems 
essential.  It  is  no  longer  possible  to  ignore  environmental 
factors,  even  at  the  preliminary  planning  stage.  Environmental 
considerations  must  be  studied  along  with  engineering  and  economic 
factors  when  evaluating  the  desirability  of  a particular  project. 

The  impact  of  a reservoir  project  on  water  quality  is  a primary 
concern.  An  accurate,  thorough  water  quality  study  must  be 
accomplished  early  in  the  planning  phase  in  order  to  anticipate 
potential  problems. 

Generally  the  most  important  parameter  in  a reservoir  water 
quality  study  is  temperature.  Since  the  density  of  water  is  a 
function  of  temperature, and  density  differences  are  the  controlling 
influence  on  the  hydrodynamics  of  an  Impoundment,  it  is  apparent 
that  distribution  of  all  water  quality  parameters  within  the 
reservoir  is  greatly  dependent  on  temperature  distribution.  The 
only  way  by  which  an  evaluation  of  reservoir  water  quality  can 
be  accomplished  is  by  beginning  with  an  accurate  prediction  of 
the  temporal  and  spatial  variation  of  water  temperature  that  will 
exist  within  the  impoundment.  The  following  discussion  will 
present  approaches  to  the  thermal  simulation  problem  that  have 
been  used  by  the  Corps  of  Engineers,  and  suggest  some  possible 
improvements  to  the  techniques  now  in  use. 

RESERVOIR  HEAT  BUDGET 

The  prediction  of  temperature  variations  within  an  impoundment 
is  a very  complex  problem.  Heat  may  be  added  to  a reservoir  by 
inflows,  removed  from  the  reservoir  by  outflows  and  either  gained 
or  lost  by  heat  transfer  at  the  air-water  interface.  Some  heat 
transfer  may  also  occur  across  the  solid  boundaries,  but  generally 
this  may  be  neglected  based  on  order  of  siagnitude  arguments.  The 
distribution  of  heat  within  the  impoundment  is  affected  by 
horizontal  and  vertical  advection  and  diffusion  processes.  The 
dominant  factors  in  the  development  and  variation  of  the  thermal 
structure  of  a reservoir  may  be  any  combination  of  these  mechanisms. 
Without  a knowledge  of  the  effect  of  each  mechanism  on  the  thermal 
regisw  of  the  particular  reservoir  under  study,  it  is  difficult 
to  eliminate  any  of  the  potential  heat  sources  from  consideration. 


^Chief  - Hydraulics  Section,  Philadelphia  District 
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In  a study  of  reservoir  temperatures  the  Interest  Is  primarily 
directed  to  temperature  variations  along  the  vertical  axis.  The 
one  dloienslonal  partial  differential  equation  for  conservation  of 


follows: 

dT  . 
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terms  of  equation  (1)  are  self-explanatory.  The  external  heat 
source  term  Is  made  up  of  the  seven  heat  exchange  processes  which 
operate  at  the  alr-mter  Interface  and  may  be  written  as: 


~ ^0  “ ^ar  “ ” ^br  " 


(2) 


where:  Hn  is  the  net  heat  transfer 

Hs  is  the  short  wive  solar  radiation  arriving  at  the  water 
surface 

Hsr  is  the  reflected  short  Mve  radiation 
Hq  Is  the  long  wave  atmospheric  radiation 
Hot  is  the  reflected  long  wave  radiation 
He  Is  the  heat  transfer  due  to  conduction 
Hhr  Is  the  back  radiation  from  the  water  surface 
and  He  is  the  heat  loss  due  to  evaporation  2 

All  the  heat  exchange  processes  are  in  units  of  BTU/FT^/TIME. 

Complete  discussions  of  the  Individual  terms  are  presented  by 
Anderson  (1)  and  In  Tennessee  Valley  Authority  report  No.  14  (12). 

All  of  the  heat  transfer  mechanisms  at  the  water  surface,  with  the 
exception  of  short  wave  solar  radiation,  affect  only  the  top  one  or 
two  feet  of  the  reservoir.  Short  wsve  radiation,  however,  penetrates 
tta  vmter  surface  and  may  affect  water  temperatures  at  great  depths. 
This  depth  of  penetration  varies  from  seservolr  to  reservoir  and  Is 
a function  of  absorption  and  scattering  properties  of  the  water  (8). 

Analytical  solutions  of  equation  (1)  have  been  acconqilished, 
but  their  practical  application  Is  restricted  by  the  number  of 
assumptions  necessary  to  effect  the  solution.  Numerical  methods 
are  considered  to  be  the  only  means  by  which  a workable  solution 


82 


to  equation  (I)  may  be  obtained.  Approximations  of  equation  (1) 
have  also  been  utilized  with  varying  success  to  obtain  predictions 
of  reservoir  temperature  variations.  Both  approximate  and  numerical 
solutions  are  accomplished  by  beginning  from  a knovn  or  assumed 
condition  and  stepping  forward  in  time  using  constant  increments 
for  hydrologic  and  meteorologic  input. 

PLANNING  REQUIREMENTS 

The  ideal  approach  to  temperature  prediction  would  be  to 
evaluate  the  effects  of  temperature  on  project  objectives  over  the 
life  of  the  project.  Long  term  variations  in  temperature  and 
project  capabilities  to  perform  adequately  under  predicted  conditions 
have  been  studied  using  techniques  based  on  mean  monthly  hydrologic 
and  meteorologic  data.  Theoretical  justification  for  the  methods 
employed,  however,  has  generally  been  deficient.  Also,  it  is  not 
clear  what  meaning  monthly  temperature  predictions  have  with  respect 
to  project  operations.  Certainly  a reservoir  is  not  operated  on  a 
monthly  basis.  Perhaps  a monthly  approach  could  be  used  to  isolate 
periods  of  critical  hydrologic  and  meteorologic  combinations.  These 
periods  could  then  be  studied  using  mean  daily  or  shorter  time 
intervals.  It  is  extremely  important  that  project  operations  be 
evaluated  for  short  time  intervals  because  of  the  large  range  of 
temperature  that  may  occur  over  a period  as  long  as  a month  (8). 

The  diurnal  fluctuation  of  surface  temperature  alone  may  be  as  much 
as  5*^  while  over  the  course  of  a month  15°  fluctuations  are  not 
uncommon. 

Whatever  technique  is  chosen  for  analysis  of  reservoir 
temperature,  it  is  important  that  all  of  the  physical  and  meteoro- 
logical heat  exchange  processes  are  included,  so  that  the  overall 
heat  balance  of  the  reservoir  is  assured.  A sound  theoretical 
approach  based  on  the  conservation  of  heat  equation  will  insure  this. 
The  simulation  should  provide  a realistic  assessment  of  the  inter- 
relationship between  project  operations  and  the  thermal  variation 
within  the  reservoir.  The  use  of  input  data  which  cannot  be 
measured  "in  situ"  should  be  kept  to  a minimum  in  order  to  insure 
that  possible  bias  in  results  is  eliminated.  Finally,  application 
should  be  straightforward  and  follow  standard  accepted  procedures 
in  order  to  provide  confidence  and  guarantee  uniformity  in  results. 

AVAILABLE  TECHNIQUES 

One  approach  that  has  been  utilized  by  various  Corps  offices 
to  evaluate  variations  in  water  temperatures  at  reservoir  projects 
is  a model  developed  by  Wunderlich  and  Elder  (13)  for  the  Tennessee 
Valley  Authority.  The  TVA  model  is  founded  on  the  assumption  that 
the  most  important  factors  influencing  the  thermal  structure  of  an 
impoundment  are  the  quantity,  distribution  and  temperature  of 
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inflows  and  the  schedule  of  regulation.  A depth  of  epilimnion  is 
estimated  and  this  water  is  assumed  to  be  effectively  insulated 
from  the  hypolimnium.  Internal  heat  transfer  by  diffusion  processes 
is  neglected.  Application  of  the  method  is  straightforward  and  is 
discussed  in  the  reference  above.  Although  this  method  has  been 
successful  in  certain  cases,  its  general  use  is  prohibited  due  to 
the  restrictive  assumptions  upon  which  it  is  based. 

Another  attempt  at  studying  temperature  variations  has  been 
developed  by  the  Hydrologic  Engineering  Center  (2).  The  HEC  model 
considers  a "simplified”  heat  budget  and  weights  each  of  the  terms 
by  use  of  emperically  determined  coefficients.  The  model  reflects 
the  heat  exchange  resulting  from  the  inflow-outflow  relationship, 
diffusion,  short  wave  solar  radiation,  evaporation,  and  a combination 
of  long  wave  radiation  and  conduction.  Heat  transfer  at  the  air-water 
interface  is  assumed  to  affect  the  top  10  meters  of  the  reservoir. 

The  reservoir  is  divided  into  horizontal  layers  of  uniform  tempera- 
ture and  a given  thickness.  Inflow  is  assumed  to  enter  the  reservoir 
at  a layer  of  corresponding  temperature  adjusted  for  mixing  with 
layers  above  while  it  descends.  Outflow  is  assumed  to  be  drawn  from 
the  layer  at  the  bottom  of  the  outlet. 

Application  of  the  model  is  accomplished  through  use  of  a 
computer  program  prepared  by  HEC.  Generalized  coefficients  to 
weight  the  various  heat  exchange  processes  have  been  developed  for 
use  in  pre- impoundment  studies.  Input  data  basically  consists  of 
the  physical  parameters  of  the  reservoir  and  outlet  facilities, 
mean  monthly  Inflows  and  outflows,  inflow  temperatures,  target 
release  temperatures  and  required  meteorological  data.  A uniform 
temperature  may  be  assumed  at  the  beginning  of  computation  and  a 
monthly  stepwise  simulation  of  temperature  variations  is  then 
carried  out. 

Analyses  that  have  been  carried  out  utilizing  short  time 
steps  have  been  based  on  a more  theoretical  approach.  One  such 
model  was  developed  by  Orlob  and  Selna  (10)  of  Water  Resources 
Engineers  Inc.(WRE)  and  has  been  successfully  used  in  pre- impoundment 
studies  by  the  North  Pacific  Division(NPD) , Ohio  River  Division  (ORD) , 
anJ^the  Philadelphia  District  (NAP) . The  model  is  based  on  the  one- 
dimensional conservation  of  heat  equation  and  computes  the  variation 
in  vertlsal  temperature  distribution  of  a reservoir  as  a result  of 
heat  exchanges  due  to  inflows,  outflows,  the  seven  mechanisms  of 
heat  transfer  at  the  air-water  interface  and  internal  heat  transfer 
processes. 

Input  requirements  to  the  model  are  quite  voluminous,  although 
data  preparation  is  straightforward.  For  example,  application  of 
the  model  using  three  hourly  time  steps  requires  mean  daily  values 
of  inflows,  outflows.  Inflow  temperatures  and  objective  temperatures 
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and  three  hourly  values  of  pertinent  meteorologic  variables. 
Physical  characteristics  of  the  reservoir  and  outlet  works 
facilities  are  also  required.  The  final  and  most  difficult 
input  consideration  is  the  estimate  of  the  "effective  diffusion" 
coefficient.  Suggestions  for  evaluation  of  the  diffusion 
coefficient  are  presented  in  a discussion  of  the  computer  appli- 
cation of  the  WRE  model  prepared  by  the  North  Pacific  Division  (9). 
Assistance  in  application  of  the  model  may  be  obtained  through 
NPD  or  ORD. 


IMPROVEMENT  OF  TECHNIQUES 

The  above  methods  have  been  offered  as  approaches  to  the 
temperature  simulation  problem.  However,  they  tend  to  be  difficult 
to  apply  during  pre- impoundment  studies  due  to  their  dependence  on 
variables  which  cannot  be  measured  or  computed  from  measured  data. 

The  HEC  approach  utilizes  empirical  coefficients  which  cannot  be 
accurately  determined,  except  where  measured  temperature  data  for 
the  reservoir  under  study  are  available.  The  "effective  diffusion" 
coefficient  used  in  the  WRE  model  to  describe  the  internal  heat 
transfer  process  also  presents  the  same  problem.  In  addition, 
both  the  HEC  and  WRE  models  do  not  adequately  consider  the  hydro- 
dynamics of  the  reservoir  with  regard  to  withdrawal  characteristics 
of  the  outlet.  The  remainder  of  this  discussion  will  present 
suggestions  by  which  available  methods  may  be  improved  and  also 
describe  another  approach  developed  by  the  Philadelphia  District 
for  application  in  pre- impoundment  studies. 

One  of  the  more  difficult  aspects  of  the  temperature  prediction 
problem  has  been  an  accurate  description  of  the  heat  transfer  at  the 
air-water  interface.  The  need  to  determine  all  seven  of  the  heat 
exchange  mechanisms  acting  between  the  atmosphere  and  water  has  led 
many  investigators,  except  when  using  large  mathematical  models,  to 
neglect  some  of  the  heat  exchange  processes.  Even  in  more  sophisticated 
approaches  the  quantity  of  heat  transfer  due  to  those  mechanisms  which 
are  dependent  on  surface  water  temperature  has  been  computed  based  on 
surface  temperature  existing  at  the  end  of  the  previous  time  step. 

A procedure  that  would  allow  consideration  of  the  variation  in  surface 
temperature  over  the  selected  time  interval  would  be  a great  improve- 
ment . 


An  approach  to  the  evaluation  of  net  heat  transfer  at  the  air- 
water  Interface  has  been  proposed  by  Bdinger  and  Geyer  (6) . Their 
method  utilizes  the  concepts  of  equilibrium  temperature  and 
coefficient  of  surface  heat  exchange.  The  equilibrium  temperature 
may  be  defined  as  that  water  temperature  at  which  the  net  rate  of 
heat  exchange  between  a water  surface  and  the  atmosphere  will  be 
zero.  The  coefficient  of  surface  heat  exchange  is  the  rate  at 
which  the  heat  transfer  process  will  proceed.  The  equation  to 
describe  this  relationship  may  be  written  as  follows: 
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is  the  net  rate  of  heat  transfer  in  BTU/FT  /Time  2 
is  the  coefficient  of  surface  heat  exchange  in  BTU/FT  /Time 
is  the  equilibrium  temperature  in  F 
is  the  surface  temperature  in  °F 


Computation  of  E's  and  K's  is  dependent  solely  on  meteorological 
variables  and  is  outlined  in  the  iiterature  (5).  Since  all  seven 
heat  exchange  mechanisms  are  included  in  the  computation  of  E and  K, 
an  exact  heat  budget  is  retained. 

A cursor;'  examination  of  equation  (3)  shows  that  the  net  rate 
of  heat  exchange  is  a function  of  the  exchange  coefficient  and  the 
difference  between  equilibrium  and  water  surface  temperatures. 
Approaches  which  relate  heat  transfer  to  air  temperature  do  not 
account  for  this  principle.  Equilibrium  temperature  is  constantly 
changing  in  response  to  changes  in  meteorological  conditions.  Water 
temperature  at  the  same  time  is  being  driven  toward  the  equilibrium 
temperature. 


It  is  suggested  that  incorporation  of  the  concepts  of  equation 
(3)  into  the  temperature  prediction  methods  described  in  the  previous 
section  will  materially  improve  the  theoretical  basis  for  the  models. 
If  these  concepts  are  utilized  in  the  HEC  model,  the  emperical 
ccTf ficients  which  are  needed  to  describe  the  effects  of  air-water 
heat  transfer  could  be  eliminated.  Also,  all  the  heat  exchange 
mechanisms  at  the  air-water  interface  would  be  included  in  the 
computations.  In  models  similar  to  the  WRE  model,  utilization  of 
equation  (3)  would  allow  a simultaneous  determination  of  interfacial 
heat  transfer  within  the  framework  of  the  numerical  solution  of  the 
conservation  of  heat  equation. 

Another  important  aspect  of  air-water  heat  transfer  is  the 
internal  heating  effects  of  the  incoming  solar  radiation.  Using 
laboratory  and  analytical  studies,  Dake  and  Harleman  (4)  have 
developed  an  equation  to  describe  the  distribution  of  heat  input 
due  to  solar  radiation  penetration  below  the  water  surface.  Their 
approach  is  based  on  a surface  absorption  of  the  shorter  wave 
lengths  of  radiation  and  an  exponential  decay  with  depth  for  the 
remaining  wave  lengths  of  radiation.  The  equation  to  describe  this 
exponential  decay  is: 


(D(2)=  ( \ -fi)  (t)o  e 


(4) 
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where:(tl(z)  is  the  quantity  of  radiation  arriving  at  a horizontal 
plane  ( 2 feet  below  the  water  surface)  in  BTU 

8 is  the  fraction  of  radiation  absorbed  by  the  top  foot 
of  water  in  the  reservoir. 

0Q  is  total  incoming  radiation  in  BTU 

2.  is  the. average  absorption  coefficient  of  the  water  in 
in  FT"^ 

and  Z is  depth  below  the  water  surface  in  FT 

It  is  hypothesized  by  Harleman,  based  on  simulation  of 
measured  field  data,  that  the  phenomenon  described  by  equation  (4) 
has  a greater  influence  on  the  internal  heat  distribution  of  an 
impoundment  than  diffusion  processes.  Sonnichsen  and  Oster  (11) 
also  arrived  at  basically  the  same  conclusion  in  their  studies  of 
Pend  Oreill  Lake  in  northwestern  Idaho.  If  an  approach  such  as 
this  is  accepted,  the  difficulty  of  describing  "a  priori"  the 
variation  in  the  diffusion  term  of  equation  (1)  is  eliminated  and 
the  diffusional  transport  of  heat  may  be  assumed  to  be  caused 
entirely  by  molecular  diffusion.  It  should  be  noted  that  the 
conservation  of  heat  for  the  impoundment  is  not  violated  in  any 
respect  by  this  theory. 

It  is  easy  to  see  the  advantages  of  utilizing  a theory  such 
as  this  in  planning  studies.  If  used  in  the  HEC  model,  the  co- 
efficient to  weight  the  diffusion  mechanism  may  be  disregarded. 

Ill  the  WRE  model  the  judgement  decisions  surrounding  selection  of 
the  "effective  diffusion"  coefficient  will  not  be  required.  The 
absorption  coefficient,  which  is  easier  to  estimate  due  to  its 
dependence  on  physical  characteristics  of  the  impounded  water, 
can  carry  the  major  burden  of  prediction  of  the  internal  temperature 
distribution  of  the  reservoir. 


The  final  consideration  deals  with  the  hydrodynamics  of  the 
reservoir  associated  with  the  withdrawal  of  water  for  downstream 
releases.  The  Office  of  the  Chief  of  Engineers  has  recommended 
the  use  of  TR-H-69-10  and  TR-H-71-4  published  by  the  Waterways 
Experiment  Station  (3,7)  for  computations  of  selective  withdrawal 
characteristics  for  submerged  orifices  and  weirs,  respectively. 

None  of  the  models  previously  discussed  uses  these  techniques.  The 
methods,  developed  through  laboratory  studies  and  verified  to  some 
extent  by  field  data,  are  considered  to  be  the  best  available 
approaches  to  describe  withdrawal  characteristics.  Preimpoundment 
studies  have  been  conducted  to  date  by  taking  the  temperature 
profile  output  and  applying  the  WES  methods  to  determine  withdrawal 
characteristics.  This  is  not  a wholly  acceptable  approach,  however, 
because  the  development  of  the  temperature  profile  Itself  is 
dependent  on  withdrawal  characteristics  of  the  outlets.  A tempera- 
ture prediction  model  that  would  utilize  the  WES  methods  would 
alleviate  the  need  to  study  thermodynamic  and  hydrodynamic  factors 
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separately.  It  should  be  recognized,  however,  that  combining  these 
two  considerations  would  only  be  meaningful  in  a model  that  uses 
short  time  steps. 

The  suggested  improvements  outlined  above  have  been  utilized 
by  the  Philadelphia  District  in  the  development  of  a mathematical 
model  based  on  conservation  of  heat  principles.  The  model  uses 
numerical  techniques  to  solve  the  conservation  of  heat  equation 
and  considers  all  the  heat  exchange  processes  included  in  the 
overall  heat  budget.  Verification  of  the  model  is  presently  nearing 
completion.  Confirmation  of  the  mathematical  techniques  has  been 
made  and  presently  the  model  sensitivity  to  variations  in  input 
parameters  is  being  studied.  The  model  will  be  used  in  a cooperative 
study  between  ORD  and  NAP  this  spring  to  develop  techniques  for 
predicting  the  temperature  variations  in  shallow  impoundments. 
Application  of  the  model  is  in  two  phases  with  the  first  part 
setting  up  the  meteorological  data  and  the  second  part  performing 
the  actual  simulation.  The  model  was  structured  in  this  manner 
so  that  equilibrium  temperatures  and  coefficients  of  surface  heat 
exchange  which  are  output  in  the  first  phase  could  be  used  in 
other  applications,  such  as  power  plant  siting  and  stream  temperature 
prediction  problems. 


CONCLUSION 

A review  of  reservoir  temperature  prediction  methods  has 
been  made  with  an  eye  toward  suggesting  possible  techniques  by 
which  application  of  the  models  might  be  facilitated.  It  is  felt 
that  the  suggested  techniques,  if  incorporated  in  these  models,  will 
greatly  improve  the  theoretical  basis  for  the  methods  discussed. 

The  suggested  improvements  have  been  utilized  by  the  Philadelphia 
District,  and  their  general  applicability  to  reservoir  temperature 
prediction  problems  has  been  established. 
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Comnent,  Mr«  Fredrich:  (In  reply  to  Harrison's  conunent  on  generation  of 
synthetic  meteorologlc  data.)  I'm  not  sure  that  the  development  of 
logical  relationships  among  the  variables  Is  as  simple  as  you  imply 
and  the  development  of  these  relationships  is  mandatory  for  reasonable 
generation  of  Interrelated  data  sets . 

Question.  Mr.  Fredrich;  Do  you  Intend  to  run  your  model  with  long  time- 
steps  (months)  or  short  time-steps  (days  or  less)? 

Reply.  Mr.  Elker;  Short  time-steps. 

Question.  Mr.  Fredrich;  Then  how  do  you  Intend  to  account  for  the  long- 
term-operatlon-policy  Influences  on  your  temperature  profiles? 

Reply.  Mr.  Elker;  As  Indicated  in  the  paper,  some  thought  should  be 

given  to  studying  long  term  operations  based  on  a monthly  simulation 
technique  (l.e.,  the  HEC  model).  I must  emphasize  again,  however, 
that  critical  shorter  time  periods  and  their  effects  on  project 
performance  must  also  be  studied.  This  approach  would  be  similar 
to  the  manner  In  which  flood  control  and  power  studies  are  now  made. 


Question.  Mr.  Thomas;  Do  you  feel  that,  in  shallow  reservoirs,  reservoir 
recreation  has  any  effect  on  temperature,  either  by  warming  or  mixing. 
If  It  does  have  an  effect,  how  Is  It  accounted  for  In  the  model? 

Reply.  Mr.  Elker;  Reservoir  recreation,  particularly  that  related  to 
motorboats,  would  have  an  effect  on  mixing  In  the  epillmnlon.  The 
timing  and  degree  of  this  effect  Is  Impossible  to  predict.  In  the 
models  discussed  today  that  are  based  on  numerical  solution  schemes 
this  process  along  with  wind  Induced  mixing  Is  handled  In  an  Indirect 
manner.  A mechanism  which  has  been  termed  "convective  mixing"  Is 
assumed  to  operate  within  the  surface  layers  of  the  reservoir.  This 
mechanism  accounts  for  the  fact  that  any  surface  disturbance  whether 
natural  or  man-induced,  will  cause  mixing  down  into  the  reservoir. 

The  depth  of  this  forced  mixing  Is  computed  based  on  stability 
considerations  within  the  Impoundment. 
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Question,  Mr.  Gaum;  Can  we  assume  that  outflow  Is  drawn  from  the  layer  at 
the  bottom  of  the  outlet?  What  does  outflow  network  look  like  and  what 
are  relative  temperatures  drawn  from  different  levels  through  the 
selected  outlet? 


Typical  for  2 Sample  Situation 


^P^y»  Elker;  The  question  pertains  to  one  of  the  assumptions  upon 
which the  HEC  model  Is  based.  This  is  not  a valid  assumption  In 
describing  the  hydrodynamics  associated  with  reservoir  withdrawal. 
However,  It  must  be  recognized  that  errors  resulting  from  this 
assumption  tend  to  be  balanced  out  by  vertical  advectlon  and 
diffusion  terms  when  using  monthly  time  steps.  The  outflow  distri- 
bution actually  would  spread  over  several  vertical  layers  In  the 
reservoir.  The  quantity  of  outflow  per  layer  Is  dependent  on  density 
differences  and  may  best  be  analyzed  by  methods  found  In  Technical 
Report  H-63-10  as  discussed  In  the  paper. 
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OPPORTUNITIES  FOR  HYOROLOGIC-ECOmHIC  MODEIS 
A CASE  STUDY 

By 

12  3 

William  Boodt,  Gerald  C.  Johnston,  and  Billy  J,  Thosias 


WILLAMETTE  BASIN  CCBIPREHENSIVE  STUDY 

This  paper  will  discuss,  as  a case  study,  various  aspects  of  the 
Willamette  Basin  Conqprehenslve  Study.  That  study  was  initiated  in  1963 
under  the  direction  of  a Task  Force  made  up  of  representatives  of  the 
State  of  Oregon;  the  U.  S.  Departments  of  AgrlculCtire , Army,  Comaerce, 
Interior,  Labor,  and  Health,  Education  & Welfare;  and  the  Federal  Power 
Consilssion.  The  Task  Force  assignment  was  to  develop  a plan  to  sieet 
early-action  and  long-range  water  resource  needs.  That  plan  was  to  be 
an  expansion  of  the  basin  plan  which  had  been  evolving  In  the  area  since 
the  1930's*  Further,  that  plan  was  to  Include  projects  and  programs  and 
to  provide  specific  service  In  all  functional  fields  currently  recognised 
by  Congress  and  where  needs  were  known  to  exist. 

This  was  an  inter-agency  multidisciplinary  study;  over  30  state  and 
Federal  agencies  participated  In  its  preparation.  The  study  objective 
was  to  formulate,  for  the  basin,  a plan  for  water  and  related  land  resource 
use  and  development  which  would  utilise  available  resources  to  meet  current, 
Intersiediate , and  long-range  needs.  The  plan  would  provide,  consistent 
with  private  development  and  to  a degree  directed  by  judgment  and  economic 
considerations,  for  control,  conservation,  and  use  of  the  water  and  re- 
Ixted  land  resources  of  the  basin  in  the  interests  of  the  well-being  of 
the  people  of  the  basin  and  the  State. 

Only  the  Senate  Doctiment  97.  statement  of  three  primary  national 
<AJectlves  was  available  when  the  Willamette  stutfy  was  Initiated.  The 
TMk  Force  recognised  that  complete  attainment  of  the  developsient  and 
preservation  objectives  probably  would  not  be  possible.  Developisent  and 
preservation  considerations  often  present  a need  for  reasoned  choice; 
the  well-being  of  people  may  be  a deciding  factor  in  such  cases.  How- 
ever, it  was  recognised  that  other  considerations  sdght  be  pertinent,  and 
tiiat  more  detailed  expressions  of  goals  and  objectives  were  needed  to 
guide  the  planning  effort. 


1 ■sglonal  Rconosdst,  Corps  of  Engineers,  Portland  District 

2 Civil  Engineer,  Corps  of  Engineers,  Portland  District 

3 Asst.  Chief,  Hydrologic  Engineering  Section,  C.O.B.,  North  Pacific 

Division 
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To  provld*  that  guidance  and  facilitate  best  use  of  resources  for  the 
well-being  of  people,  the  Task  Force  early  established  five  broad  goals. 
Listed  without  order  of  priority,  those  goals  are: 

e.  Economic  growth.  - To  Insure  economic  growth  and  production 
consistent  with  efficient  allocation  of  resources. 

b.  Conservation.  • To  conserve  land  and  natural  resources,  and 
to  preserve  and/or  enhance  their  potential  for  use. 

c.  Environment.  - To  maintain  a pleasant  place  for  people  to 

live. 

d.  Health  and  safety.  - To  provide  for  the  health  and  safety  of 
human  and  animal  life. 

e.  Leisure.  - To  increase  the  choice  of  leisure  time  activity 
consistent  with  people's  desires. 

Hlllamette  River  Basin  Is  a rectangular  drainage  trough  150  miles 
long  and  about  75  miles  wide  lying  between  the  Cascade  and  Coast  Ranges 
In  northwestern  Oregon.  The  Willamette  (Including  Sandy  River  Basin 
because  of  Its  importance  for  water  supply  to  the  Portland  metropolitan 
area)  drainage  comprises  about  12,000  square  miles,  which  Is  approximately 
12  percent  of  Oregon's  total  land  area.  The  basin's  population  accounts 
for  nearly  two- thirds  of  the  State  total. 

The  basin  has  a moderate  marine  climate  with  relatively  wet  winters 
and  dry  suomers  (see  Map  1).  Average  yearly  precipitation  Is  about  63 
Inches,  with  local  precipitation  varying  from  about  40  Inches  along  the 
valley  floor  and  Increasing  to  130  Inches  on  the  Cascade  slopes.  Its 
climate  reflects  Influences  of  the  Pacific  Ocean,  the  Coast  Range,  the 
Cascade  Range,  and  the  Columbia  River  Gorge  (see  Map  2).  Larger  air 
masses  from  the  Pacific  Ocean  bring  vast  amounts  of  moisture  to  the  basin, 
but  the  Coast  Range  diminishes  violent  storms  and  Intercepts  considerable 
precipitation  (up  to  200  Inches  annually  near  the  crest)  before  these  air 
masses  reach  the  basin.  The  Cascade  Range,  which  Is  much  higher  than  the 
Coast  Range,  again  lifts  the  air  masses,  causing  considerable  precipitation 
on  the  east  side  of  the  basin.  That  range  also  blocks  large  continental 
atr  smsses  which  would  otherwise  move  Into  the  basin  from  the  north  and 
east,  thus  decreasing  the  possibility  for  extrenms  of  hot  and  cold  that 
are  prevalent  to  the  east.  The  Columbia  River  Gorge  functions  as  a drain 
which  may  allow  dense  air  to  flow  Into  the  basin  from  the  west  In  late 
susmmr  afternoons,  thus  BK>deratlng  the  hot  susner  days.  The  gorge  also 
drains  the  cold#  dry  continental  air  from  the  east  Into  the  basin  In  the 
winter,  causing  colder  weather  In  the  basin  than  would  otherwise  have 
occurred.  There  Is  a constant  movement  of  air  In  the  Immediate  ^rge 
area  with  resulting  tenperature  extremes. 
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DESCRIPTION  OF  HYDROLOGIC  MODELS  USED 


A.  Hydrology  of  study.  - At  the  start  of  the  Willamette  Basin 
Review  Study,  it  was  apparent  that  great  amounts  of  hydrologic  data  would 
have  to  be  analyzed.  There  would  be  regulation  of  the  existing  reser- 
voir system  under  several  alternatives.  Several  different  reservoir  sys- 
tems, reservoir  sizes,  and  plans  of  operation  would  be  projected.  Realiz- 
ing that  we  had  a monumental  task,  we  decided  to  seek  labor-saving  methods. 

We  sought  the  advice  of  Mr.  Beard  of  the  then  newly  established  Hydrologic 
Engineering  Center  (HEC).  The  Center  was  in  the  process  of  writing  a com- 
puter program  to  analyze  a reserovir  system  for  another  district;  due  to 

the  degree  of  development  already  present  in  Willamette  Basin,  the  Willamette 
promised  to  be  an  excellent  test  basin.  Thus,  the  Reservoir  System  Program 
was  adopted  for  use  in  the  Willamette  Study.  The  study  period  investigated 
was  the  40- year  period  from  1926  to  1965  inclusive.  That  period  was 
selected  mainly  because  it  was  when  most  stations  had  recorded  data  and 
because  much  of  the  recorded  period  occurred  prior  to  significant  streain- 
flow  modification  by  Willamette  Basin  reservoirs  or  by  basin  development. 
Also,  that  period  was  particularly  significant  for  the  study  because  it 
contained  not  only  the  lowest  year  of  record  (1943)  but  also  because  it  con- 
tained the  lowest  consecutive  five-year  period  of  record  (1931-1935).  It 
was  felt  that  these  two  low  periods  would  give  us  a good  feel  for  our 
capabilities  to  refill  reservoirs  and  to  meet  low  flow  requirements  during 
drought  periods. 

The  period  of  study  and  the  model  to  be  used  for  the  study  were 
primary  considerations;  the  hard  part  was  yet  to  come  — that  of  collect- 
ing the  data  and  actually  doing  ttie  study. 

Data  had  to  be  collected  for  all  control  points,  diversion  points, 
and  reservoirs  in  the  system;  program  requirements  dictated  that  data 
be  for  natural  (pre-project)  conditions.  In  order  to  derive  natural 
flow  data  from  the  recorded  data,  we  had  to  remove  all  regulation  that 
had  taken  place  and  we  had  to  put  back  into  the  streamflows  all  of  the 
irrigation  withdrawals  on  a year-by-year  basis.  Reservoir  regulation 
%»as  Corps  business  but  for  the  irrigation  we  looked  to  either  the  Bureau 
of  Reclamation  or  the  Oregon  State  Engineers  Office. 

B.  Operation  of  program.  - The  Reservoir  System  Analysis  (HEC-3) 
program  is  described  fully  in  the  HEC  user  manual.  1/  The  description 
included  here  sets  the  stage  for  the  study.  HEC-3  is  a multireservoir 
computer  program  which  performs  a monthly  routing  while  operating  to 
satisfy  downstream  control  points.  The  program  is  written  in  such  a 
manner  as  to  allow  the  user  to  specify  monthly  reservoir  operation  rule 
curves,  downstream  flow  needs,  and  diversions.  The  program  will  account 
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for  evaporation  from  reservoirs;  it  will  indicate  hydropower  generation 
and  will  calculate  local  flows  into  reservoirs  and  control  points.  Con- 
sidering all  of  these  parameters,  the  program  will  operate  to  supply 
specified  water  requirements  at  downstream  points.  It  supplies  these 
downstream  requirements  in  an  upstream  to  downstream  order;  therefore, 
the  critical  points  may  occur  anywhere  in  the  system. 

The  input  data  required  to  perform  a system  operation  are  system 
configuration,  natural  flows,  diversion  flows,  minimum  desired  and/or 
required  flows  for  all  control  points.  For  reservoirs,  data  require- 
ments (in  addition  to  the  data  required  for  control  points)  include 
power  generation  data,  evaporation  data,  operating  levels  (rule  curves) 
and  storage-area  capacity. 

Only  two  of  the  above  parameters  are  nonstandard,  as  far  as  normal 
terminology  is  concerned,  and  need  additional  explanation;  they  are  reser- 
voir levels  and  diversion  flows.  Reservoir  levels  are  specified  up  to 
seven  levels  per  month.  The  seven  levels  have  no  restrictions  except  that 
levels  7 and  1 are  maximum  and  minimum  pools,  respectively.  Level  2 is 
referred  to  as  a buffer  level,  a level  below  which  storage  will  not  be 
evacuated  except  to  meet  specified  power  generation.  If  the  reservoir  is 
not  a power  reservoir,  then  level  2 has  no  meaning  and  should  be  set  equal 
to  level  1.  The  specification  of  the  intermediate  levels,  though  they  have 
no  specific  meaning  alone,  will  determine  the  operation  of  that  reservoir 
with  respect  to  the  rest  of  the  system.  The  program  is  written  so  all  of 
the  reservoirs  will  be  drafted  to  the  same  relative  level  at  the  end  of 
each  complete  period.  In  other  words,  the  program  will  try  to  have  all 
reservoirs  at  the  same  relative  level,  say  2.3,  at  the  end  of  a particular 
period.  Therefore,  the  storage  space  in  each  level  will  determine  the 
amount  of  storage  that  is  evacuated  or  stored  in  any  one  project  during 
any  period. 

The  other  parameter  that  might  be  considered  as  nonstandard  is 
diversion  flow.  Diversion  flow  is  in  reality  a net  diversion,  or  the 
total  amount  of  water  diverted  from  the  system  less  that  amount  that  is 
returned  to  the  system.  This  net  diversion  is  only  for  that  part  of  the 
system  between  the  point  in  question  and  the  next  point  upstream. 

C.  Results.  - The  simulation  studies  produced,  for  each  control 
point,  information  on  flows  and  diversion  supplied,  shortages,  inflow 
to  points,  and  local  and  unregulated  flows  for  each  point.  For  reservoirs, 
in  addition  to  the  values  presented  for  control  point,  printouts  also 
Include  evaporation,  end  of  period  storage  and  elevation,  power  generated 
and  power  that  could  have  been  generated,  if  any  (see  Chart  1 for  example 
of  printout).  In  addition  to  monthly  printouts  with  all  the  above  data 
shown  by  years,  it  is  possible  to  obtain  summaries  of  particular  elements  such 
as  flows  or  shortages  or  pool  elevations  or  just  reservoir  data;  these 
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summaries  proved  to  be  Invaluable  for  use  In  analyzing  results  of  the 
various  configurations.  Charts  2 and  3 show  types  of  summaries  availa- 
ble. 


Studies  were  made  on  the  existing  system  under  the  three  levels  of 
development  (1980,  2000,  and  2020).  This  was  the  basis  for  all  comparisons 
which  were  to  be  made  throughout  the  remainder  of  the  study.  We  also  con- 
sidered two  new  systems  of  reservoirs:  (1)  a system  which  added  projects 
considered  to  be  underway  within  the  next  10-15  years,  called  "Early  Action 
Reservoirs,"  and  (2)  a system  which  includes  all  of  the  above  plus  37  reser- 
voirs proposed  to  meet  long-range  basin  needs. 

With  so  many  projects  to  incorporate  into  the  study,  we  exceeded 
program  and  computer  limits;  accordingly,  the  basin  was  separated  into 
parts.  This  was  accomplished  by  taking  a subbasin  (such  as  the  Santiam) 
out  of  the  study  and  operating  it  as  a separate  system,  and  then  taking 
the  resultant  flows  from  this  subsystem  as  input  to  the  basin  model, 
and  similarly  for  other  subbasins. 

After  deriving  the  natural  flows  for  all  points  of  interest  in  the 
basin,  we  then  began  the  task  of  performing  system  regulation  studies 
with  various  reservoirs  and  for  various  levels  of  development.  The 
purpose  of  these  studies  was  to  determine  which  demands  the  system 
could  meet  with  various  configurations  and  operation  schemes.  An 
example  of  the  kind  of  question  we  wanted  to  answer  follows. 

At  Salem  on  the  Willamette  River  the  Corps  of  Engineers  projects,  are 
among  other  things,  dedicated  to  maintaining  a flow  of  6,000  cfs  to  pro- 
vide navigation  depths.  Observed  flows  for  some  early  years,  and  consequently 
the  natural  flows,  at  Salem  were  below  the  6,000  cfs  figure;  at  times,  the 
mean  monthly  flows  had  been  as  low  as  1,200  cfs.  Though  these  low  flows 
had  occurred  prior  to  present  regulation  we  were  asked,  "If  we  had  the 
present  system  of  reservoirs  and  present  demands  for  water  during  those 
low  flow  years,  could  we  have  still  met  the  navigation  requirement?" 

We  set  the  system  up  using  the  Reservoir  System  Program,  specified  present 
water  demands  on  the  system,  and  allowed  the  program  to  perform  a regulation 
on  the  entire  40-year  period.  Results  showed  that  for  those  same  periods, 
when  natural  flows  had  been  down  to  as  low  as  1,200  cfs,  with  only  the 
present  reservoir  system  in  operation,  we  were  able  to  meet  our  minimum 
navigation  flow  of  6,000  cfs  in  all  months  without  excessively  shorting 
other  functions.  When  we  put  in  other  reservoirs,  as  you  would  expect, 
we  were  able  to  supply  all  functions  with  ease  (see  chart  2). 

At  the  conclusion  of  our  hydrologic  studies,  we  were  able  to  give 
planners  a detailed  list  of  accomplishments  that  could  be  expected  for 
each  project  in  each  of  the  systems  for  each  time  frame.  These  results, 
in  the  form  of  tabulations,  formed  the  bases  for  economic  analysis  of 
benefits  for  the  various  functional  parameters. 
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DESCRIPTION  OF  ECONOMIC  MODELS  USED 
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A.  Economic  models.  - Economic  models  are  basically  of  two  types. 
The  most  common,  the  micro-economic  model,  analyzes  the  production 
function  of  an  individual  firm  or  enterprise.  Models  of  this  type 
analyze  an  enterprise's  costs,  output,  and  revenue  functions.  This  is 
the  model  commonly  used  in  solving  the  maximization  problem. 

Macro-economic  models  address  the  problem  of  an  entire  economic 
environment;  such  aggregate  parameters  as  gross  national  product, 
regional  product,  regional  employment,  and  personal  income  are  used. 

Adam  Smith,  the  father  of  the  classical  school  of  economics,  dealt  with 
aggregates  is  his  path-breaking  book,  "The  Wealth  of  Nations,"  in  1776. 
However,  little  more  was  done  with  aggregate  models  until  John  Maynard 
Keynes  wrote  his  "General  Theory  of  Employment,  Interest,  and  Money" 
in  1936.  Models  of  this  type  have  been  very  important  to  economic 
thought  during  the  past  30  years. 

Each  type  model  was  used  in  the  Willamette  Basin  Comprehensive 
Study.  A regional  or  "economic  base"  model  was  used  to  analyze  the 
Willamette  Basin  economy  and  to  project  the  basin's  future  economic 
pattern.  These  projections  were  based  upon  national  parameters  and  a 
basin  share  of  national  growth.  This  model  was  presented  in  Appendix  C - 
The  Economic  Base  - which  was  used  as  a guide  to  basin  planning  activity. 

The  objective  of  the  Economic  Base  Study  was  to  provide  the  basis 
for  determining  the  scale,  sequence,  and  timing  of  water  and  related 
land  resources  development.  Those  considerations  are  based  upon  esti- 
mates of  future  economic  activity  within  the  Willamette  River  Basin 
and  the  characteristics  and  size  of  the  population.  In  other  words, 
the  Economic  Base  Study  describes  the  setting  of  the  area's  future 
economy.  Economic  parameters  projected  by  this  study  were  of  use  in 
determining  needs  for  such  resource  planning  objectives  as: 

Navigation.  - The  volume  of  production  or  use  of  major  commodities 
which  are  or  may  be  expected  to  be  transported  by  water. 

Flood  control.  - Industrial  development,  agricultural  production 
pattern,  and  population  change  which  will  influence  land  use  and 
development  in  the  flood  plain. 

Water  supply.  - Production  of  industries  using  large  quantities 
of  water,  and  population  numbers  and  distribution. 

Water  pollution.  - Production  of  industries  whose  effluent  may 
contribute  significantly  to  waste  discharge,  and  population 
numbers  and  distribution. 
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Fish  and  wildlife.  - Population  and  population  characteristics 
including  age,  sex,  and  per  capita  Income. 


Irrigation.  - Agricultural  production  requirements  and  preliminary 
estimates  of  irrigated  acreage  are  reported.  Final  determination 
was  made  in  the  irrigation  appendix. 

Hydroelectric  power.  - Industries  using  large  quantities  of 
electric  energy,  and  population  numbers  and  distribution. 

Recreation.  - Population  and  population  characteristics  including 
age,  sex,  and  per  capita  income. 

This  study  used  a regional  model;  however,  each  of  its  parameters  was 
handled  in  aggregate,  and  this  is  clearly  a macro-economic  model. 

Other  uses  for  macro- economic  models  are  input-output  studies, 
economic  impact  studies,  inter-regional  studies,  and  the  development  of 
regional  multipliers.  Models  of  these  types  will  be  used  in  developing 
secondary  benefits  and  in  adapting  methods  for  following  the  most  recent 
principles  and  standards  for  planning  water  and  related  land  resources 
as  proposed  by  the  Water  Resources  Council. 

Micro-economic  models  are  useful  in  evaluating  individual  projects 
and  specific  project  functions.  Many  projects  have  an  economic  life 
of  100  years;  thus,  we  must  analyze  benefit  increments  that  will  accrue 
many  years  into  the  future.  The  time  period  of  money  dictates  that 
future  benefits  be  discounted — a factor  that  complicates  analysis  and 
model  specification.  On  that  basis,  a model  variation  may  be  necessary 
for  analyzing  costs  and  benefits  for  each  project  output  or  service. 
Also,  an  additional  model  will  be  necessary  for  formulating  each  indi- 
vidual project. 

In  the  Willamette  Comprehensive  Study,  a variety  of  methods  were 
used  to  estimate  functional  needs  now  and  in  the  future.  Needs--a 
proxy  for  demand — were  articulated  in  each  of  the  functional  appendices. 
Potential  project  benefits  from  serving  those  needs  were  evaluated  using 
micro-economic  models.  Many  models  were  of  the  most  simple  type;  many 
benefits  were  calculated  using  simple  manual  methods. 

B.  Flood  control.  - The  Portland  District  was  assigned  the  lead 
task  in  preparing  the  Flood  Control  Appendix.  Analysis  of  flood  plain 
development,  potential  damages,  and  future  flood  prevention  needs  was 
achieved  using  a computer  program  developed  by  the  Portland  District 
for  that  purpose.  At  constant  price  levels,  flood  plain  developments 
and  thus  potential  benefics  change  from  year  to  year;  that  program 
synthesizes  benefits. 
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Flooding  is  a problem  that  requires  some  measures  defining  its 
magnitude.  Reduction  of  such  problems  and  efficiency  of  proposed  solu- 
tions must  also  be  measurable.  One  way  to  measure  the  size  of  the 
problem  and  evaluate  solutions  is  by  describing  physical  parameters 
of  water  causing  the  flood.  We  measure  gage  heights  or  water  depths, 
velocities,  and  period  of  inundation.  Total  discharges  of  a river 
system  may  be  calculated.  We  can  also  measure  the  surface  area  of 
the  flood  plain.  However,  the  final  indicator  describing  flood  prob- 
lems is  the  dollar  damages.  We  generalize  upon  that  and  describe  an 
ongoing  damage  situation,  rather  than  list  the  history  of  the  floods 
and  their  corresponding  damages.  It  is  more  meaningful  to  calculate 
an  average  annual  damage  estimate.  In  physical  terms,  we  can  describe 
the  reduction  in  flow,  or  stage,  or  flood  plain  area  which  would  result 
from  a specific  solution;  dollar  damages  are  the  common  denominator. 
Ultimately  we  would  be  asked  how  much  average  annual  damages  would  be 
reduced  by  various  alternatives.  This  metric,  a basic  dollar  amount, 
helps  decision  makers  evaluate  economic  feasibility  of  a proposal. 
Information  on  flows  and  stages  is  essential  when  evaluating  modifica- 
tions to  an  existing  hydrologic  configuration.  Hydrologic  studies  are 
essential  whenever  we  intend  to  evaluate  solutions.  In  Willamette 
Basin,  30  reaches  or  tributaries  were  defined  for  independent  evaluation 
of  the  flooding  problem. 

Flood  plain  development  and  potential  damages  were  analyzed  for 
each  of  the  30  reaches.  Also,  three  categories  of  flood  damages  were 
defined.  These  categories  were  related  to  disparate  types  of  growth 
patterns  which  would  result  from  different  regional  growth  influences. 
Thus,  we  were  analyzing  damages  at  ninety  different  cells.  Within  each 
cell  (reach  and  category),  a control  point  was  identified  for  which 
discharge-frequency  curves  were  developed.  Unregulated  discharge- 
frequency  curves  were  derived  in  accordance  with  standard  methods  out- 
lined by  Water  Resources  Council.  — Also,  using  historical  relationships 
for  discharges  and  damages,  damage-discharge  curves  were  developed. 

The  resulting  damage -frequency  relat ionships--average  annual  damages-- 
were  furnished  for  each  cell.  To  avoid  much  manual  computation  and  to 
ease  problems  of  updating  for  price  and  development  levels  a computer 
was  used.  Use  of  the  computer  also  facilitated  bringing  in  the  problem 
of  the  time  horizon  and  handled  the  problem  of  applying  the  interest 
rate.  In  addition,  the  computer  program  incorporated  the  steps  necessary 
to  project  patterns  of  average  annual  damages  within  each  cell  over  a 
a long  enough  period  to  satisfy  a 100-year  project  life  when  evaluating 
such  proposed  solutions  as  dams.  A discount  equation  provided  benefit 
figures  in  equivalent  annual  amounts  according  to  the  selected  interest 
rate.  Hydrologic  input  was  in  the  form  of  frequency  of  exceedence  for 
16  levels  of  discharge  at  each  control  point. 
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Economic  Inputs  to  the  program  were  damage  amounts  for  16  levels 
of  discharge  for  each  cell  and  such  regional  growth  and  development 
factors  as  local  population  growth  rates,  changes  in  per  capita  incomes, 
potentials  of  soil  productivity,  rates  of  land  use  shift  out  of  agri- 
culture, changes  in  agricultural  productivity,  and  cropping  patterns. 
Those  factors,  within  a program  subroutine,  developed  localized  growth 
projections.  Other  economic  inputs  were  the  economic  life  of  the 
project  and  the  interest  rate.  Each  program  run  will  provide  average 
annual  damage  amounts,  by  cell  at  the  start  of  project  life,  for  a 
base  condition;  the  program  would  also  analyze  five  alternative  condi- 
tions. The  program  calculated  both  initial  and  future  benefits  by 
cell  for  each  alternative. 

C,  Other  project  outputs.  - Synthesizing  benefits  of  other  project 
functions  by  computer  model  is  a task  that  lies  mostly  in  the  future. 
Since  plan  formulation  of  the  Willamette  Study,  a computer  program  has 
been  developed  that  permits  analyses  of  recreation  costs  and  benefits. 
This  permits  analyses  of  a much  broader  range  of  recreation  investment 
alternatives  and  at  savings  of  time  and  cost. 

D.  Summary.  - There  are  four  general  stages  in  water  and  related 
land  resources  planning.  Hydrology  and  economics  are  both  active  in 
each  stage.  The  first  is  a matter  of  inventory,  involving  the  aggrega- 
tion of  economic  and  hydrologic  data  so  that  the  planning  process  has 

a starting  point.  This  requires  the  extrapolation  of  historic  data  to 
describe  probable  hydrology.  The  second  stage  brings  a broad  range  of 
disciplines  together,  problems  are  investigated,  and  alternative  solu- 
tions proposed  for  study.  In  the  third  stage,  a team  of  hydrologists 
and  economists  assemble  data  that  are  basic  to  the  proposed  alternatives. 
That  data  is  necessarily  estimated  since  both  are  attempting  to  describe 
equilibrium  that  have  not  existed  historically.  Comparison  of  alterna- 
tive proposals  compared  with  the  existing  or  "no  change"  situation  yields 
differences  that  may  be  defined  in  cost-benefit  terms.  Different  base 
conditions  may  be  assumed.  In  the  Willamette  Study,  an  authorized 
system  of  14  major  multipurpose  reservoirs  were  assumed  to  be  in  place 
prior  to  study  of  alternatives.  The  fourth  stage  is  that  of  plan  formu- 
lation. Teamwork  of  hydrologists  and  economists  is  necessary  to  develop 
data  that  will  describe  and  permit  evaluation  of  all  combinations  of 
proposed  systems  and  operations  in  search  of  the  optimum  development. 

That  development  is  the  one  that  maximizes  net  benefits. 
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OTHER  MODELS  USED  AND  BEING  DEVELOPED 

Simulation  has  been  used  for  testing  alternatives.  It  is  not  a 
simple  process;  constructing  large  models,  involving  many  items,  is 
difficult  and  time  consuming.  Also,  it  is  difficult  to  validate  the 
model.  As  a water  resource  development  and  regional  planning  tool, 
it  is  useful,  however,  to  decision  makers  in  tracing  consequences  of 
management  decisions  before  their  Implementation. 


Comprehensive  modeling  of  not  only  the  physical  environment  but 
also  the  economic  environment  of  an  entire  river  basin  was  initiated 
in  1956  with  the  Harvard  Water  Program.3[/  Relatively  long  stream  flow 
periods  were  synthesized  and  the  economic  benefits  of  the  system  were 
determined  from  the  beneficial  use  and  control  of  water  moving  through 
the  system.  The  objective  of  the  Harvard  study  was  to  improve  method- 
ology of  systems  design  and,  if  possible.  Identify  optimums. 

About  8 years  later,  a different  approach  was  developed  by  Battelle 
Memorial  Institute.4/  That  approach  studied  economic  interrelations  in 
a river  basin  in  an  attempt  to  ascertain  what  influences  economic  growth 
of  an  area.  Demographic,  water,  and  employment  interrelations  within 
areas  were  studied.  Major  water  uses  considered  in  that  approach  are: 
water  quality,  water  supply  (agricultural,  urban,  and  industrial), 
recreation,  flood  control,  and  electric  power.  That  model  used  the 
DYNAMO  language  and  its  structure  proved  sufficiently  flexible  to  fit 
a variety  of  forms  and  types  of  economic  systems  and  problems. 

Calapooia  River  Basin,  one  of  the  Willamette  subbasins,  was  simu- 
lated in  a study  by  Doctors  Halter  and  Miller  at  Oregon  State  University 
in  1966. V That  study  modeled  and  simulated  the  hydrologic  character- 
istics of  the  basin  and  evaluated  4 beneficial  uses  of  water.  These 
were  flood  control,  irrigation,  soil  drainage,  and  fish  life  enhancement; 
the  model  was  used  for  formulation  rather  than  to  estimate  or  determine 
benefits. 


The  Calapooia  study  was  generally  in  two  major  divisions:  hydrology 
and  economics.  A stochastic  approach  to  hydrology  data  was  used  where  the 
flows  on  any  particular  day  follow  a determined  frequency  function.  The 
hydrologic  input  is  a crucial  phase  of  river  basin  simulation.  Consid- 
erable time  was  spent  in  developing  a hydrologic  sequence  from  the 
historical  record  and  from  bench-mark  floods.  The  time  shape  of  flows. 
Including  magnitude  and  duration  of  flood  flows,  determines  benefits 
obtainable  from  proposed  development.  Sufficient  detail  was  Included 
in  order  to  approach  reality. 


The  economic  section  consists  of  a series  of  equations  which  relate 
fulfillment  of  different  water  needs  to  dollars.  Those  equations  specify 
benefits  to  the  water-system  project  to  the  degree  capabilities  of  use 
are  satisfied.  Generally,  within  a project,  competition  exists  among 
alternative  water  uses  for  available  water.  Consequently,  many  needs 
will  likely  be  served  less  than  100  percent  of  the  time.  Larger  projects 
will  provide  additional  water,  if  available,  but  only  at  additional  cost; 
and  a larger  project  can  only  be  economically  justified  if  the  marginal 
benefit  is  greater  than  the  marginal  cost. 

In  the  Calapooia  simulation,  irrigation  benefits  are  a function  of 
storage  capacity.  Flood  control  and  fishery  benefits  are  a function  of 
both  reservoir  size  and  channel  capacity.  Soil  drainage  is  related  to 
size  and  depth  of  channel. 

For  example,  maximum  annual  fishery  benefits  of  $530,000  are  achiev- 
able if  all  flows  for  fishery  purposes  are  met.  Minimum  flow  requirements 
are  shown  in  Table  1,  while  the  fish  life  benefit  function  is  shown  in 
Figure  1.  The  minimum  mean-daily  flow,  occurring  in  the  channel  during 
any  one  year,  divided  by  the  fishery  requirement,  established  the  percent- 
age of  the  fishery  requirement  met.  Thus,  fishery  benefits  are  a function 
of  the  percentage  of  the  fishery  requirement  met. 

Other  benefits  were  evaluated  in  a similar  manner. 

The  Halter-Miller  simulation  produced  several  tentative  conclusions. 

It  suggested  a reservoir  and  channel  capacity  combination  that  would 
provide  the  maximum  net  benefits.  In  the  Calapooia  Basin,  it  articulated 
the  importance  of  channel  capacity  in  optimizing  the  project.  It  also 
Indicated  how  management  practices  could  be  modified  to  produce  greater 
net  benefits,  and  it  also  showed  how  hydrologic  forecasting  could  increase 
net  benefits  by  modifying  the  rule  curve  and  thus  reservoir  operation. 

About  3 years  later,  Dr.  Ken  Kerri  of  Sacramento  State  College  ran 
a second  simulation  of  the  Calapooia.  6/  That  study  articulated  comple- 
mentary and  competitive  aspects  of  water  storage  for  water  quality  control. 

That  study  used  techniques  of  marginal  analysis  to  analyze  benefit 
functions  of  water  uses  and  to  allocate  scarce  water  on  the  basis  of 
economic  efficiency.  The  economic  model  was  expanded  to  include  project 
recreation.  Several  water  quality  parameters,  including  water  tempera- 
ture, were  added  to  the  hydrologic  and  economic  systems.  This  research 
project  indicated  that  flow  augmentation  is  an  economically  feasible  means 
of  achieving  and  maintaining  water  quality  objectives;  also  small  frequent 
shortages  will  be  encountered  by  water  users  and  occasional  flood  damages 
will  be  encountered  when  the  project  is  formulated  to  the  economic 
efficiency  objective. 
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FiSHLiFE  require:cnts  and 
CHANNEL  MINna,’:i  FLOIVS 
CALAPOOIA  RIVER 


Month 

Downstream  ^ 
minimum  flow 

Cc*  f 0 So ) 
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ss 
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8S 
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90 
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SO 
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60 
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80 
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2S 
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0 
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0 

90 

90 
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0 

70 

70 

Jul 

0 

SO 

SO 
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0 

SO 

SO 
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0 

so 

SO 

Sep  30 

0 

160 

160 

Oct 

0 

160 

160 

Nov 

0 

140 

140 

Dec 

0 

140 

140 

1 Estimated  minlmucis  from  the  20  years  of  historical  data  available. 

2 As  obtained  from  fishery  agencies. 

3 Need  is  the  difference  between  requirement  and  minimum  flow. 
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Fish  requirement*  met 

( percentogt  of  mean*  doily  nttd  mtf) 
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Figure  1,  Fish  life  benefit  function,  Calapoola  River. 


Another  simulation  study  was  made  for  an  area  in  eastern  Oregon-- 
the  Grande  Ronde  River  Basin — a basin  that  is  sparsely  settled  and 
that  is  primarily  an  agricultural  and  lumbering  area  with  considerable 
irrigation  potential.  That  study  was  a Ph.D.  dissertation  by  Gary  Ray 
Wells,  A Sensitivity  Analysis  of  Simulated  River  Basin  Planning  for 
Capital  BudRettng  Decisions,  University  of  Utah,  1971.  That  study  was 
based  upon  established  relationships  between  physical  units  for  seven 
possible  benefit  changes  and  benefit  and  cost  data.  The  HEC-3  program 
was  used  as  a basis  for  benefit  evaluation.  The  study  model  provides 
net  benefits  and  benefit- cost  ratios  after  determining  benefit  flows 
and  comparing  them  with  cost  flows. 

SUMMARY  AND  CONCLUSIONS 

The  Willamette  Basin  Comprehensive  Study  accomplished  its  specific 
purpose  of  developing  a plan  to  meet  early-action  and  long-range  water 
resource  needs.  The  study  developed  three  base  appendices  — Study 
Area,  Hydrology,  and  Economic  Base, — nine  functional  appendices,  and 
a plan  formulation  appendix.  The  first  three  appendices  developed  the 
areal  setting,  while  the  functional  appendices  developed  measures  of 
needs.  Plan  formulation  evaluated  needs  of  a physical  and  biological 
system  using  economic  criteria.  The  finalized  plan  includes  both 
projects  and  programs  to  provide  a variety  of  authorized  functional 
services  for  present  and  projected  needs.  Copies  of  the  Main  Report 
are  available  for  participants  of  today’s  meeting. 

Although  the  formulation  of  an  optimum  plan  is  complex,  it  basically 
involves  comparing  several  alternative  systems  to  determine  the  best 
plans  or  plan.  Even  though  our  formulation  model  in  the  Willamette 
was  accomplished  manually,  use  of  a computer  program  would  facilitate 
a more  thorough  search.  Reliability  of  the  formulation  procedure  is 
a function  of  the  precision  of  benefit  and  cost  estimates  as  well  as 
how  these  economic  flows  (estimates)  relate  to  hydrologic  parameters. 

Our  computer  programs  enabled  a more  detailed  analysis  in  the  development 
of  hydrologic  flows  and  in  evaluating  flood  control  needs  and  benefits. 
Our  confidence  in  the  resulting  plan  was  increased  significantly. 

Development  of  better  ways  to  evaluate  needs  and  benefit  flows  for 
other  functions  will  continue  to  improve  our  evaluations;  this  has  been 
done  with  a recreation  program. 

Society's  goals  in  water  resources  development  planning  are  becoming 
broader  and  more  sophisticated;  also  the  "state  of  the  arts"  in  planning 
is  expanding  rapidly.  Such  arbitrary  design  criteria  as  protection 
from  100-year  flood  frequency  at  the  site  are  no  longer  sufficient. 

While  such  economic  criteria  as  the  maximization  of  net  benefits  are 
extremely  important,  they  may  not  be  completely  adequate.  Environmental 
considerations  and  social  wellbeing  will  weigh  heavily  in  future  invest- 
ment decisions. 
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One  basic  problem  with  which  we  are  faced  in  analyzing  development 
alternatives  is  to  learn  more  about  the  economic  parameters;  we  will 
also  have  to  learn  more  about  physical  relationships.  Rather  than 
using  needs  as  a proxy  for  demand,  we  should  develop  a satisfactory 
measure  pf  price,  more  accurately  estimate  demand,  and  establish  require- 
ments over  an  entire  range  of  prices.  We  must  project  more  precisely 
what  future  conditions  to  anticipate.  We  must  determine  whether  the 
coefficients  that  we  are  using  will  change  and,  If  so,  at  what  rates. 

It  Is  not  likely  that  the  complete  planning  process  can  be 
handled  in  one  computer  model.  Multidisciplinary  models  are  desirable 
and  have  been  proposed.  As  analyses  become  more  sophisticated,  procedures 
become  more  complicated.  Planning  Is  and  will  continue  to  be  layered 
and  complex.  Computer  models  can  facilitate  benefit  evaluation  and  plan 
formulation,  as  well  as  other  planning  functions. 

The  Willamette  Study  followed  the  broad  guidance  of  the  Task  Force 
In  developing  a plan  for  the  wellbeing  of  people.  This  study  used  the 
latest  methods  available;  the  results  have  been  generally  accepted. 
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OPPORTUNITIES  FOR  HYDROLOGIC-ECONOMIC  MODELS 
A CASE  STUDY 


Question.  Mr.  Antle;  What  opportunities  do  you  see  for  the  use  of 
computerized  hydrologic-economic  models  in  River  Basin  Studies? 

Would  they  be  efficient?  Would  they  give  credltlble  information? 

Reply.  Mr.  Boodt:  There  are  important  opportunities  for  the  use  of 

models  of  this  type  as  has  been  exhibited  by  this  paper.  These  are 
in  the  synthesizing  and  evaluation  of  multi-parameter  models.  We 
should  expect  to  develop  models  that  are  more  and  more  sophisticated, 
and  we  should  expect  our  evaluations  to  become  more  and  more  complete. 

Such  models  will  be  efficient  in  that  they  facilitate,  and  even  permit, 
mass  data  handling;  also  they  facilitate  iterations  that  are  Important 
to  refined  analysis.  Increased  sophistication  of  modeling  will  continue  to 
enhance  the  credibility  of  information  generated;  sensitivity  analysis 
will  provide  a ready  check  upon  reliability. 

Models  of  the  type  discussed  will  facilitate  needed  inter- 
disciplinary approaches  which  will  further  permit  development  of 
models  not  previously  considered  feasible.  Such  models  will  Increase 
choice  alternatives  for  resource  Investment  decisions.  Such  an 
example  is  exhibited  by  Dr.  Gary  Wells'  paper  relating  to  capital 
budgeting  decisions. 


113 


SOCIO-ECONOMIC  ASPECTS  OF  PLANNING 
FOR  THE  UPPER  ST.  JOHNS  RIVER  BASIN 


By 

Theodore  E.  Haeussner^ 


INTRODUCTION 


A comprehensive  plan  of  Improvement  for  the  upper  St.  Johns  River 
Basin  was  authorized  by  the  Flood  Control  Act  of  1954.  Today,  some  18 
years  later  after  several  basic  plans  and  seemingly  Innumerable  coordina- 
tion meetings,  resultant  changes  and  modifications,  only  a small  segment 
of  the  latest  plan  has  been  constructed.  Environmental  concerns  and 
questions  raised  about  the  probable  effects  of  the  latest  plan  on  water 
quality,  both  In  the  basin  and  downstream,  have  effectively  halted  all 
work  In  the  last  2 years  and  generated  a controversy  as  to  the  socio- 
economic aspects  of  further  plans  for  the  basin. 

This  paper  presents  a brief  description  of  the  basin,  a summary  of 
the  alternative  plans  studied  to  date  > well  as  some  of  the  environ- 
mental problems  encountered.  A resume'  of  the  various  approach  method- 
ologies proposed  for  a socio-economic  study  Is  offered  together  with  a 
brief  discussion  of  the  basic  planning  alternatives  for  the  basin  and 
their  probable  short  and  long  range  effects. 

Lastly,  the  paper  attempts  to  present  some  of  the  soul-searching 
questions  going  through  the  mind  of  the  engineer-planner  who  Is  faced 
with  the  task  of  evaluating  and  deciding  on  the  relative  merits  of 
project  alternatives  for  an  area. 

***** 

The  St.  Johns  River  flows  northward  some  220  miles  from  Its  head- 
waters In  Lake  Hellen  Blazes  to  the  city  of  Jacksonville,  Florida, 
where  It  enters  the  Atlantic  Ocean.  However,  that  part  of  the  upper 
St.  Johns  River  basin  lying  In  the  Central  and  Southern  Florida  Project 
area  only  extends  over  some  80  miles  of  that  reach.  The  basin  averages 
about  22  miles  In  width.  It  has  a drainage  area  above  Lake  Harney  of 


^Chlef,  Environmental  Resources  Section,  Jacksonville  District 
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some  1,910  square  miles,  which  includes  some  20  odd  miles  of  the  St. 
Johns  River  marshes  lying  above  the  headwaters  of  the  f'^ver.  Indian 
River,  a shallow  broad  tidal  estuary,  flanks  the  basin  to  the  east, 
some  8 to  10  miles  distant.  Normal  lake  levels  range  from  p fe«t, 
m.s.l.  in  Lake  Wilmington  to  12  feet  in  Lake  Poinsett,  and  to  3 feet 
in  Lake  Harney,  involving  a total  fall  of  about  20  feet  in  80 
or  3 inches  per  mile.  To  the  west  of  the  river  the  topography  of  the 
upland  area  rises  to  elevations  of  65-70  feet.  From  north  to  south 
within  the  project  area  are  the  Econlockhatchee  River  and  5 major 
creeks,  Taylor,  Jane  Green,  Wolf,  Blue  Cypress,  and  Fort  Drum,  which 
drain  upland  runoff  to  the  valley  below.  The  occurrence  of  a 6- inch 
rain  over  the  basin,  not  too  uncommon  in  Florida,  can  dump  over 
half-a-million  acre  feet  of  water  into  the  valley  to  be  contained  in 
and  moved  downstream  through  the  valley  floodway. 


In  the  interglacial  geologic  period  the  St.  Johns  River  valley 
was  a large  intercoastal  lagoon  which  drained  to  the  ocean  through 
shallow,  poorly-drained  tidal  outlets.  Subsequent  sand  movement 
built  up  a low  coastal  ridge  blocking  those  outlets.  An  extensive 
growth  of  peat-producing  plants  gradually  filled  the  valley  develop- 
ing highly-productive  peat  soils  bordering  the  river.  The  river 
marshes  vary  in  width  from  1 to  10  miles. 


As  early  as  1910  agricultural  interests  began  reclamation  of  the 
marshlands  on  a large  scale.  Five  large  local  drainage  districts 
ditched,  diked,  and  attempted  to  drain  valley  lands  for  improved 
pasture,  agricultural  crops,  and  citrus  production.  Encroachment 
on  and  in  the  floodway  was  conmon.  Within  the  east  flood  plain  of 
the  upper  river  local  dikes  now  extend  almost  continuously  for  about 
35  miles.  One  district  alone  has  over  200  miles  of  canals  and  dikes. 
South  of  the  Lake  Washington  outlet  the  flood  plain  at  one  time  con- 
tained about  608  square  miles  during  a severe  flood.  By  1945  levee 
encroachment  reduced  that  area  to  490  square  miles.  Now  it  has  been 
reduced  to  about  250  square  miles.  As  a result,  flood  levels  which 
formerly  rose  2 to  3 feet  above  normal,  now  rise  nearly  twice  that 
height.  In  the  10  year  period  1947  to  1956,  five  floods  caused 
damages  exceeding  $12  million.  About  a dozen  small  cities  and  towns 
lie  along  the  coastal  ridge  east  of  the  river.  As  yet  urban  develop- 
ment has  not  expanded  westward  to  the  river  to  any  great  extent. 
However,  plans  are  underway  for  cut-and-fill  type  developments  in 
several  areas  east  of  the  river  which  will  replace  some  of  the  valley 
agricultural  lands.  Within  the  next  15-20  years  population  projec- 
tions for  the  5 counties  in  and  near  the  basin  are  upwards  of  a million 
people,  a large  portion  of  which  will  be  dependent  upon  the  project 
for  a reliable  surface  water  supply.  At  the  present  time  shallow  well 
fields  east  of  the  river  encounter  brackish-saline  water,  especially 
during  a prolonged  dry  season  and  in  drought  periods. 


115 


In  the  course  of  planning  for  the  upper  St.  Johns  basin  several 
plans  were  studied.  The  Comprehensive  Report  Plan  in  the  project  docu- 
ment(l)  consisted  of  a "diversion"  plan  with  three  major  outlet  canals 
to  divert  floodwaters  eastward  to  Indian  River  from  Lakes  Wilmington, 
Washington,  and  Poinsett.  The  downstream  project  limit  was  Lake  Poin- 
sett. Details  of  that  plan  can  be  seen  on  Figure  1.  Sixty  percent  of 
the  benefits  with  that  plan  were  from  reduction  in  flood  damages  with 
the  remaining  40%  of  the  benefits  from  increased  land  use  with  a depend- 
able irrigation  supply.  Besides  being  economically  unfeasible  signifi- 
cant opposition  developed  from  the  U.S.  Fish  & Wildlife  Service  to  the 
large  freshwater  flood  discharges  to  the  brackish  Indian  River.  A 
storage  plan  was  needed.  In  1955  an  effort  was  made  by  the  Florida 
Legislature  to  set  aside  a portion  of  the  flood  plain  from  further 
encroachment.  They  defined  the  flood  plain  and  required  permits  for 
in-zone  development.  However,  that  law  was  soon  declared  uncon- 
stitutional . 

In  1957  a "floodway  and  storage"  plan  was  suggested  by  the  local 
sponsor(2)  consisting  of  2 large  conservation  areas  with  115  miles  of 
levees  along  their  eastern  boundaries  and  four  control  structures. 

That  plan  provided  approximately  2 feet  of  flood  control  storage,  some 
493,000  acre  feet.  Flood  damage  reduction  accounted  for  33%  of  the 
benefits  and  increased  land  use  66%,  with  1%  fish  and  wildlife  bene- 
fits. Although  the  plan  was  economically  feasible  it  was  not  entirely 
acceptable  to  the  local  sponsor  as  it  required  fee  simple  title  or 
flowage  easements  on  over  200,000  acres  of  valley  land,  a large  amount 
of  it  under  intensive  cultivation,  at  a cost  in  excess  of  $6  million. 
Also,  the  plan  provided  no  flood  protection  for  landowners  west  of  the 
river  who  were  still  subject  to  upland  runoff.  The  basic  features  of 
that  plan  can  be  seen  on  Figure  2. 

In  1962  a modified  plan  was  proposed  by  the  Jacksonville  District^^^ 
consisting  of  three  large  "side-hill"  reservoirs  on  the  upland,  parallel 
to  the  river  alinement,  with  3 valley  conservation  and  flood  storage 
reservoirs,  a weir- type  structure  near  Puzzle  Lake  for  low-water  con- 
trol, plus  a diversion  canal  from  Lake  Wilmington  to  Indian  River  to 
be  used  for  "emergency"  discharge  only.  Figure  3 shows  the  details 
of  that  plan.  Flood  control  and  increased  land-use  benefits  for  that 
plan  were  about  50-50.  The  plan  was  found  to  be  economically  feasible, 
however  costs  increased  from  $34.5  million  up  to  $46.8  million.  Valley 
land  requirements  were  reduced  under  that  plan.  Upland  storage  area 
requirements  consisted  of  low-cost  unimproved  pasture  and  native  range 
land.  However,  by  1969  problems  of  land  acquisition  developed  .... 
surprisingly,  in  the  southern  upland  reservoir  areas.  Landowners 
objected  to  permanent  seasonal  inundation.  As  a result  land  costs 


skyrocketed  and  an  impasse  developed  on  land  procurement  in  the  Blue 
Cypress  Creek  and  Fort  Drum  Creek  reservoir  areas.  To  resolve  it, 
conservation  area  storage  was  eliminated  from  those  two  reservoirs 
and  temporary  flood  storage  detention  up  to  60  days  maximum  was  sub- 
stituted as  the  only  condition  acceptable  to  landowners.  Additional 
conservation  storage  was  added  to  the  downstream  valley  reservoir 
(Lake  Wilmington)  to  partially  replace  that  lost  in  the  upland. 

Shortly  after  enactment  of  the  Environmental  Protection  Act  of 
1969  the  Federal  Water  Pollution  Control  Administration  and  the  Florida 
Department  of  Pollution  Control  strongly  objected  to  the  pollution 
problems  they  considered  potentially  inherent  in  the  plan.  Their  con- 
cern centered  around  increased  agricultural  land  use,  direct  drainage 
from  irrigated  areas  into  the  reservoirs,  reductions  in  the  flood 
plain  marshes,  increased  eutrophication,  high  pesticide  residues, 
and  potential  downstream  deterioration  in  water  quality  resulting 
from  extensive  project  channelization  and  rapid  transfer  of  flood 
waters  out  of  the  area.  They  proposed  collection  basins  for  ag  run- 
off with  return  pumping  to  the  upland  reservoirs  for  reuse.  The  Corps 
agreed  to  reduce  valley  channelization  to  the  maximum  extent  practic- 
able and  to  investigate  other  solutions  for  resolving  some  of  the 
associated  environmental  concerns,  which  are: 

1.  The  potential  elimination  of  a commercially  significant 
annual  shad  migration  in  the  upper  headwater  areas,  which 
would  be  blocked  or  prevented  by  construction  of  the 
valley  control  structures  and  tieback  levees.  (This 
problem  has  not  been  resolved  and  is  still  under 

study. ) 

2.  A threat  to  the  Dusky  Seaside  Sparrow,  an  endangered 
species  of  some  80D-9DD  birds,  which  nest  in  the  area 
north  of  Lake  Poinsett  and  whose  prime  habitat,  Spartina 
Backeri,  could  have  been  destroyed  or  radically  reduced 
by  project  construction  and  operation.  A Corps  proposal 
to  relocate  that  valley  control  structure  and  eliminate 
its  eastern  tieback  levee  has  satisfactorily  resolved 
that  problem. 

3.  Local  landowners  in  the  upland  reservoir  areas  flatly 
refused  to  permit  access  to  or  the  use  of  reservoir  lands 
and  water  areas  for  recreational  purposes  and  made  this 

a contingent  to  obtaining  the  necessary  storage  and  flood- 
ing easements.  Recreational  development  under  P.L.  89-72 
requires  sponsorship  and  acquisition  of  lands  in  fee  title. 
The  sponsoring  agency,  the  Flood  Control  District,  refused 
to  sponsor  recreational  plans  because  of  such  committments 
made  to  the  landowners.  The  problem  has  not  yet  been 
resolved  satisfactorily. 


In  various  meetings  held  in  1969  and  1970  the  Federal  Water 
Pollution  Control  Administration  and  its  State  counterpart  agreed 
to  continued  construction  of  the  upland  Jane  Green  Lake  complex, 
subject  to  water  quality  monitoring  and  studies  in  the  Taylor  Creek 
portion,  but  strongly  objected  to  any  additional  valley  construction. 
Water  quality  monitoring  programs  were  initiated  in  both  the  upland 
and  valley  during  1970.  Late  in  1970  the  F.W.P.C.A.  proposed  that  a 
socio-economic  study  be  made  to  determine  the  costs  of  providing  pro- 
tection to  the  valley  agricultural  lands,  with  and  without  channeliza- 
tion, as  compared  with  the  losses  entailed  by  removing  varying  amounts 
of  land  from  agricultural  production.  The  Corps  and  sponsor  readily 
agreed  to  such  a study  since  it  appeared  to  be  the  only  means  of 
resolving  the  stalemate. 

During  the  last  9 months  numerous  meetings  and  discussions  have 
been  held  with  professors  from  the  environmental  research  staff  of  the 
University  of  Florida  to  arrive  at  an  approach  methodology.  Various 
procedures  are  available  for  project  evaluation  in  a regional  setting. 

(A) 

Dr.  Howard  Odum'  ' views  the  system  in  terms  of  "energy  flows"  in 
which  the  energy  values  in  kilogram  calories  of  all  components  in  the 
present  valley  area,  versus  the  resultant  effects  of  project  works, 
channelization,  changes  from  a free-flowing  riverine  environment  to  a 
semi-static  reservoir  environment,  are  evaluated  against  a balanced 
ecosystem.  His  theory  is  that  the  maximum  energy  values  accompany 
maximum  contributions  to  human  money  economy  from  all  inputs,  both 
monied  and  non-monied.  His  overall  objective  is  to  find  the  optimum 
ratios  of  man  to  nature. 

The  methodology  proposed  by  Drs.  James  Heaney  and  Wayne  Huber^^^ 
would  synthesize  and  expand  on  several  independently  developed,  yet 
related,  approaches  to  obtain  a comprehensive  model.  They  referred 
specifically  to  the  economic  approach  of  Leontief(®)  who  used  Input- 
Output  Models  wherein  dollars  are  the  commodity  being  inventoried 
and  analyzed;  to  the  materials  balance  approach  of  Dr.  W.  Isard(7) 
who  developed  a model  linking  socio-economic  and  ecological  systems; 
and  to  that  of  Gibbs  and  Loehman(8)  who  proposed  an  "Accounts  Model" 
for  determining  the  regional  effect  of  a proposed  investment  project. 
Common  to  all  of  these  is  the  concept  of  budgeting  or  tracking  the 
movement  through  the  environment  of  some  commodity,  or  group  of 
commodities. 

Drs.  Heaney  and  Huber  propose  to  divide  the  basin  into  subset 
areas,  establish  time  periods  for  analysis,  collect  data  on  popula- 
tion (human  and  animals),  rainfall,  land  use,  drainage,  soils,  water 
movement,  vegetation  types,  flora  and  fauna,  agricultural  patterns. 
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recreation  usage,  fertilizer  application,  and  many  others.  Sources 
and  sinks  would  be  established  for  each  commodity.  Several  fl^ 
models  would  be  developed  similar  to  those  of  Orlob  and  Wood(9)  in- 
volving surface  and  subsurrace  flows  for  three  interconnected  sub- 
systems. The  models  would  require  establishing  relative  criteria 
relating  to  commodity  values  as  well  as  changes  to  be  expected  in 
those  values  due  to  the  interaction  of  commodoties  within  each  sub- 
set area,  and  their  effects  on  adjacent  subset  areas  with  time. 

As  yet,  a firm  decision  has  not  been  reached,  although  the 
proposal  of  Drs.  Heaney  and  Huber  is  favored. 

Regardless  of  the  model  selected  three  basic  developmental  alter- 
natives must  be  considered  in  terms  of  their  socio-economic  impact. 
Essentially,  they  are: 

1 . Do  nothing  in  the  valley,  as  far  as  further  project  con- 
struction  is  concerned. 

2.  Analyze  various  structural  alternatives,  that  is  ...  the 
current  plan,  as  well  as  modifications thereto . 

3.  Analyze  non-structural  al ternati yes , such  as  buying  the 
flood-plain  lands  to  various  limits  and  control  their 
use. 

The  impacts  of  these  three  alternatives  provide  considerable  food 
for  thought.  For  example,  if  no  further  construction  is  undertaken 
and  the  valley  flood-plain  lands  are  not  purchased,  urban  expansion 
relating  to  the  trend  for  waterfront  Homesties  and  waterborne  recrea- 
tion will  most  surely  increase.  Further  destruction  of  the  marsh 
would  result  from  cut-and-fill  development,  already  underway  on  a 
limited  scale.  A reevaluation  of  remaining  flood  control  and  water 
supply  benefits  from  the  presently-completed  upland  works  would 
become  necessary.  Improved  pasture  and  agricultural  lands  in  the 
valley,  now  subject  to  periodic  flooding,  would  undoubtedly  be 
supplanted  in  time  by  urban  housing.  If,  on  the  other  hand  alter- 
native 3 is  considered,  ie.,  buy  up  additional  flood  plain  lands 
in  an  effort  to  preserve,  enhance,  and  restore  the  marshes,  suffic- 
ient environmental  justification  will  be  necessary  for  its  purchase. 
For  in  buying  additional  lands,  which  would  include  large  agricul- 
tural tracts,  the  land  removed  from  production  would  not  only  repre- 
sent an  economic  monetary  loss  to  the  region  but  would  also,  in  large 
measure,  eliminate  the  necessity  for  a project  by  reducing  basic 
project  benefits  in  that  category. 


119 


Alternative  2,  involving  modifications  to  the  current  valley  plan, 
at  present,  appears  to  have  the  most  merit  from  the  standpoint  of  what 
would  best  satisfy  the  needs  of  the  region.  It  is  possible  that  some 
additional  purchase  of  lands  on  the  western  foothills,  if  allowed  to 
revert  back  to  a natural  vegetative  cover,  would  serve  a nutrient  re- 
moval traps  for  upland  runoff  and  discharge. 

These  then  are  some  of  the  environmental  problems  which  require 
an  intensive  evaluation  before  a decision  can  be  reached  on  a course 
of  action  for  the  upper  St.  Johns  River  basin.  The  use  of  a socio- 
economic model  is  recognized  as  one  means  available  to  provide  answers 
to  the  many  questions  at  hand.  However,  it  must  be  recognized  also 
that  the  answers  obtained  from  any  model  will  only  be  as  valid  as 
the  decision  variables  used  in  determining  cause-  and  -effect  and  the 
impact  of  each  alternative  tested.  As  a result,  some  of  the  questions 
uppermost  today  in  the  minds  of  those  faced  with  the  responsibility 
for  water  resource  planning  and  management  could  well  be  ... 

Has  the  current  state  of  the  art  relating  to  multiple  objective 
planning  advanced  to  the  extent  that  a sound  and  reliable  solu- 
tion can  be  found  through  its  use?  and  ... 

Recognizing  that  expenditure  of  public  funds  should  add  more  to 
the  welfare  of  society  than  it  subtracts,  can  some  quantifiable 
common  denominator  be  found  for  measuring  al 1 project  effects, 
both  beneficial  and  detrimental? 

For  example,  we  know  that  flood-damage  reduction  of  a project  can 
be  quantified  and  valued  as  well  as  irrigation,  recreation,  and  fish 
and  wildlife  benefits.  However,  project  effects  of  "n"  number  of 
alternatives  on  such  things  as  environmental  quality,  scenic  beauty, 
aesthetics,  and  the  like  are  exceedingly  more  difficult  to  place  a 
value  on,  if  at  all.  Furthermore,  if  regional  development  is  recog- 
nized as  one  of  the  objectives  in  the  decision-making  process  of 
project  evaluation  just  how  can  the  engineer-planner  be  sure  that  a 
decision,  obtained  through  maximizing  all  variables,  for  example  ... 
to  "do  nothing"  ...  is  really  the  best  solution  for  the  people  in 
that  area. 

In  summary,  it  would  appear  that  the  time  has  passed  when  a decision 
to  provide  flood  control,  water  supply,  or  navigation  facilities  to 
an  area  such  as  the  upper  St.  Johns  River  basin  was  a relatively 
simple  matter  involving  basic  project  formulation  and  an  evaluation 
of  available  hydrologic  data,  project  benefits,  and  costs.  Today 
the  procedures  facing  the  engineer-planner  are  becoming  more  detailed 
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and  involved,  requiring  consideration  of  complex  alternatives  to 
what  would  appear  to  be  the  most  direct  solution  of  the  problem.  A 
systems  analysis  approach,  involving  the  quantification  and  applica- 
tion of  physical,  social,  economic,  and  environmental  parameters, 
often  becomes  a necessity  to  provide  a sound  basis  for  planning  and 
engineering  decisions.  The  engineer-planner  of  today  must  therefore 
be  prepared  to  continually  expand  his  knowledge  in  these  relatively 
new  areas  and  to  utilize  those  new  tools  and  skills  both  logically 
and  objectively.  Totally  new  concepts  in  project  planning  are 
emerging  generated  by  an  awareness  of  mans'  relation  to  his  environ- 
ment. Many  questions  remain  to  be  resolved  which  will  require 
interdisciplinary  coordination  and  cooperation  for  their  ultimate 
solution  and  resolution. 
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THE  INTERRELATIONSHIPS  BETWEEN  PLANNING  OBJECTIVES  AND 
HYDROLOGIC  ANALYSIS  IN  HATER  RESOURCES  DEVELOPMENT 

By 

Lloyd  G.  Antle 


A reluctant  leap  forward  in  water  resources  planning  and  analysis 
Is  signaled  by  Che  publication  of  the  controversial  "Principles  and 
Standards  for  Evaluation  of  Hater  and  Related  Land  Resource  Projects," 
by  the  Hater  Resources  Council  In  the  Federal  Register,  21  December 
1971.  Whether  we  agree  on  the  relevancy  of  "Principles  and  Standards" 
or  not,  the  considerable  effort  put  forth  by  the  Federal  agencies,  the 
Interest  exhibited  In  the  academic  circles,  the  response  of  the  Office 
of  Management  and  Budget,  and  the  Congress,  and  finally  the  various 
citizen  groups  either  proponents  or  opponents  of  various  kinds  of  water 
resource  development.  In  bringing  the  report  to  this  point  signal  the 
Importance  of  the  document  across  the  diverse  and  pluralistic  society 
of  this  Nation. 

The  "Principles  and  Standards"  set  forth  the  argument  for  moving 
away  from  the  single  objective  of  economic  efficiency  spelled  out  In  an 
agency,  particularly  Corps  of  Engineers  regulations  concerning  project 
formulation  and  evaluation.  Although  Senate  Document  97  called  for 
formulation  and  evaluation  from  the  standpoint  of  Federal,  regional  and 
local  viewpoints,  with  careful  articulation  of  any  divergence  between 
various  viewpoints,  agency  practice  moved  only  slightly  in  this  direction 
during  the  1960's. 

Why  should  agency  practice  remain  so  static  following  publication 
of  SD  97  In  1962.  For  one  reason,  there  was  developing  across  the  nation 
a strong  opposition  to  the  Federal  water  resource  programs  from  a new 
coalition  of  Interests  focused  upon  the  natural  environment,  those 
Interests  dislocated  by  Federal  water  resources  projects  and  from  the 
Interests  who  felt  competition  from  the  output  of  Federal  water  projects. 
For  another,  there  Is  something  less  than  a clear  consensus  about  how 
to  conduct  planning  efficiently  and  effectively  when  the  planner  must 
coDBunicate  with,  perceive  and  accommodate  the  needs  of  a diverse  and 
conflicting  set  of  public  interests.  The  days  of  dominance  of  Informa- 
tion and  cosipetence  by  the  Federal  Hater  Resource  agencies  have  ended. 

The  days  of  satlsfylug  only  a small  well  organized  local  or  regional 
group  of  proponents  have  ended.  Even  the  credibility  of  elected 
officials  to  articulate  the  Interests  of  all  their  constituents  Is  under 
serious  and  persistent  attack. 


Economist,  Institute  for  Hater  Resources,  Corps  of  Engineers. 
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Section  122  of  the  Rivers  and  Harbors  Act  of  1970  puts  a requirement 
on  the  Corps  of  Engineers  to: 

"...  submit  to  Congress  and  not  later  than  90  days  after 
submission,  promulgate  guidelines  designed  to  assure  that 
poss^'.>le  adverse  economic,  social  and  environmental  effects 
relating  to  any  proposed  project  have  been  fully  considered 
in  developing  such  project,  and  that  the  final  decisions 
on  the  project  are  made  in  the  best  overall  public  Interest 
taking  into  consideration  the  need  for  flood  control,  naviga- 
tion and  associated  purposes,  and  the  cost  of  eliminating 
or  minimizing  such  adverse  effects  and  the  following: 

(1)  air  noise  and  water  pollution;  (2)  destruction  or 
disruption  of  man-made  and  natural  resources,  esthetic 
values,  community  cohesion  and  the  availability  of  public 
facilities  and  services;  (3)  adverse  employment  effects  and 
tax  and  property  value  losses;  (4)  Injurious  displacement 
of  people,  business  and  firms;  and  (5)  disruption  of  deslra’-'le 
comnunity  and  regional  growth.  Such  guidelines  shall  apply 
to  all  projects  authorized  in  this  Act  and  proposed  projects 
after  the  Issuance  of  such  guidelines." 

The  National  Environmental  Protection  Act  of  1969  requires  substan- 
tial analysis  of  the  potential  Iti^acts  of  public  works  projects  on  the 
environment  (broadly  defined)  and  requires  considerable  discussion  of 
alternatives  to  the  proposed  action.  Already  the  practical  effects  of 
this  Act  have  been  to  slow  report  processing  and  greatly  reduce  the  rate 
of  accomplishment  ol  reports  and  construction.  Some  projects  have  been 
halted  with  as  much  as  70  percent  of  construction  complete.  The. effects 
of  operating  projects  will  come  under  scrutiny  with  a similar  emphasis 
on  relevant  alternatives  to  approved  operating  procedures. 

Dr.  G.  Patrick  Johnson  of  the  Institute  for  Water  Resources  has 
attempted  to  portray  the  thrust  of  these  developments  in  terms  of  the 
increase  in  complexity  of  the  Corps  of  Engineers  planning.  (See  Graph, 
page  3).  Again,  we  may  argue  about  the  slope  of  the  function,  but 
there  are  some  very  obvious  points  to  his  argument.  There  Is  a significant 
acceleration  in  the  rate  of  change  between  "eras,"  from  in  excess  of  50 
years  between  the  building  and  control  phases  to  less  than  10  years 
between  the  allocation  and  environmental  phases.  Can  a large  organisa- 
tion adjust  to  this  rate  of  change?  I believe  the  Chief  of  Engineers  is 
looking  to  the  Institute  for  Water  Resources  to  develop  this  competence, 
first  Inside  IWR  and  then  perhaps  to  develop  some  recommendations  for 
the  larger  organization. 

What  Can  be  Done? 

The  Corps  is  not  helpless  in  spite  of  the  apparent  confusion  In  the 
organization.  There  Is  one  noticeable  attribute  of  the  Corps,  the  can  do 
spirit  and  the  pool  of  competence  end  capability. 
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Let's  review  the  bidding--the  move  to  comprehensive  river  basin 
planning,  signaled  by  SD  97  and  earlier  documents  is  being  rapidly 
implemented,  although  primarily  oriented  to  single  objective  planning. 
Although  the  notion  of  comprehensiveness  is  a vague  and  at  best  ambiguous 
term,  at  least  river  basin  plans  have  been  developed  and  some  analysis  of 
the  interrelationships  between  a set  of  projects  in  the  river  basin  has 
been  introduced.  Single  purpose  and  single  projects  are  displaced  by 
multiple  purpose  and  multiple  unit  projects.  Considerable  experience  and 
proficiency  has  been  developed  in  formulating  a system  which  optimizes  a 
single  purpose,  given  constraints  from  other  purposes.  A good  deal  less 
accomplishment  can  be  demonstrated  in  optimizing  complex  systems.  Much 
of  the  success  at  systems  analysis  is  attributed  to  hydrologists,  including 
the  work  at  HEC,  although  the  criteria  for  optimization  was  articulated  by 
economists  in  the  Green  Book. 

A shift  away  from  a viewpoint  of  dominance  of  the  Feds  was  explicitly 
introduced  in  the  Appalachian  Water  Resources  Survey  (AWRS)  and  the 
Susquehanna  River  Basin  Survey.  The  AWRS  emphasized  the  reporting  of  a 
wider  range  of  project  outputs  than  is  normally  presented  in  Corps  reports. 
Also,  there  was  a conscious  attempt  to  blend  Federal  and  regional  economic 
development  objectives  into  an  acceptable  posture.  The  Susquehanna  River 
Basin  report  concentrated  on  the  formulation  of  at  least  three  plans 
emphasizing  national  efficiency,  regional  development  and  environmental 
eniiancement  objectives.  An  elaborate  strategy  of  conducting  local  meetings 
to  get  an  expression  of  local  response  to  the  three  plans  and  an  indication 
of  a preferred  mix  was  implemented. 

The  Corps  has  Implemented  a Planning,  Programming  and  Budgeting 
System  (PPBS)  at  considerable  effort  in  all  levels.  The  Corps  system 
is  unique  in  its  emphasis  on  the  Division  Engineers  analysis  and  recom- 
mendations, and  in  common  with  other  agencies  has  found  considerable 
difficulty  in  arriving  at  a consensus  or  evan  an  understanding  of  "needs 
for  water  resource  development."  The  "needs"  form  the  primary  parameters 
setting  regional  allocations  for  planning  and  construction  starts.  Upon 
recognition  of  the  importance  of  "needs,"  there  arose  a mighty  storm 
from  the  Division  Engineers  about  their  essential  "softness."  A task 
force  of  field  personnel  was  formed  to  study  the  problem  and  recommend 
procedures  for  improvement  by  the  Chief  of  Engineers  early  in  1971.  About 
the  only  obvious  conclusion  of  the  task  force  was  that  the  notions  about 
needs  are  highly  diverse.  One  of  the  fundamental  problems  is  that  the 
"needs"  that  we  all  talk  about  are  somewhat  ambiguous  combinations  of 
the  objectives  of  water  resource  development.  There  is  a range  of 
opinion  (inside  the  Corps)  in  terms  of  the  specific  content  of  the  objec- 
tives of  water  resource  development  and  an  almost  infinite  range  of 
opinion  about  the  relative  weights  that  should  be  attached  to  each  objec- 
tive vis-a-vis  the  other  objectives.  The  task  force  recommended  further 
work  in  cleaning  up  "needs"  estimates  with  respect  to  each  objective. 
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Additional  field  studies  of  selected  proposed  procedures  were  conducted 
in  Los  Angeles,  Portland  and  Jacksonville  Districts  this  past  fall  and 
the  results  are  under  consideration  by  OCE  at  this  time. 

What  Next? 

All  of  the  threads  of  shifting  priorities  and  adjustment  by  agencies 
including  the  Corps,  lead  to  some  conclusions  about  the  future.  A 
conscientious  effort  to  articulate  an  effective  role  for  water  resources 
development  in  the  coming  decade  holds  primary  importance.  This  effort 
should  result  both  in  new  programs  and  a considerable  shift  in  the  way 
we  manage  older  programs.  Simultaneously,  the  organization  must  adjust 
to  the  new  roles.  This  provides  a challenge  to  hydrologic  analysis  which 
acquired  a crucial  role  during  the  reservoir  era. 

What  emphasis  will  future  programs  have: 

(1)  Urban  centered.  The  problems  of  water  resource  development  are 
in  the  urbanized  areas  of  our  nation.  A historical  orientation  to  rural 
areas  will  have  to  be  adjusted  to  accommodate  this  reality.  Urban 
drainage,  pollution  control,  space  management,  open  space  and  recreation 
are  likely  to  be  a focus  of  emphasis.  Planning  and  implementation  of 
viable  programs  will  require  collaboration  with  a broad  representation 
from  diverse  and  perhaps  competitive  interest  groups.  We  will  have  to 
develop  the  competence  to  keep  competitive  Interests  bargaining  towards 
eventual  coalescence  around  some  strategy.  Dominance  of  one  particular 
technological  set  (particularly  the  reservoir,  levee  and  channel  improve- 
ment combination)  will  no  longer  be  possible.  We  will  have  to  be  flexible 
in  the  kinds  of  solution  that  the  Corps  will  support.  The  use  of  water  as 
an  "organizing  concept"  can  increase  to  place  new  emphasis  on  joint 
strategies  between  a number  of  programs.  Engineers  and  scientists  will 
have  to  play  an  increasing  role  of  providing  technical  Information  in 

a way  that  laymen  can  perceive  it.  The  relative  importance  of  flood 
plain  information  systems  should  increase  geometrically  from  its  position 
today. 

(2)  Program  Orientation.  The  stance  of  planners  should  shift  from 
an  individual  project  basis  to  a greater  program  orientation.  This 
requires  conscious  effort  to  organize  the  "needs"  in  a program  set 
(reflecting  fairly  explicit  weights  and  priorities  between  objectives 

and  competing  programs)  and  to  formulate  alternatives  to  meet  the  "needs." 
Much  additional  information  will  have  to  be  formally  collected,  analyzed 
and  presented  in  our  reports.  This  requires  the  development  of  additional 
data  systems  capability  so  that  planners  are  not  encumbered  by  the  mass 
of  data,  and  that  their  publics  and  their  bosses  can  understand  vhau  is 
going  on.  Certainly,  every  report  will  have  to  display  the  connection 
between  a recommended  course  of  action  to  the  needs  of  the  locality, 
region  and  nation  and  how  the  recommendation  fits  to  ongoing  and 
anticipated  actions  and  programs. 
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(3)  Flexible  Plans.  Flexibility  will  become  an  outstanding  attribute 
of  acceptable  plans  and  programs.  We  know  that  projections  are  at  best 

a wide  range  of  possible  futures,  so  narrowly  conceived  plans  which  resist 
alternation  will  become  even  less  desirable. 

(4)  Emphasis  on  Operating  System.  The  days  of  new  large  reservoirs 
are  numbered.  Only  a deep  and  fundamental  revision  in  public  concerns 
and  priorities  will  change  this  conclusion.  Projects  which  possess  the 
characteristics  of  serious  dislocation  of  people,  coninunities  and  ecological 
populations  are  no  longer  acceptable,  unless  the  need  is  overwhelming. 

This  will  lead  to  a need  for  conscious  and  continuous  study  of  the  opera- 
tion of  going  projects.  Fortunately,  the  Corps  has  a framework  for  this 
emphasis  through  their  Reservoir  Regulation  Centers  located  in  most 
Divisions.  A considerable  effort  will  be  required  to  set  up  the  neces- 
sary flow  of  information  about  needs  of  the  nation  and  the  region  and 
the  range  of  alternative  operating  policies  for  operating  projects. 

Further  development  of  simulation  and  optimizing  models  will  be  required 
to  implemenc  this  analysis. 

(5)  A Philosophical  Adjustment.  The  change  to  urban  orientation, 
flexible  plans,  emphasis  on  information  services  and  improving  the 
effectiveness  of  operating  systems  imply  a rather  dramatic  adjustment 
of  philosophy.  This  change  is  away  from  an  objeffive  of  controlling 
the  nation's  river  systems  to  an  objective  of  managing  the  nation's 
river  systems  to  satisfy  a people  oriented  set  of  needs.  Rejection  of 
the  almost  obsessive  concern  about  maximum  site  development  in  favor 

of  wise  use  of  flood  plains  and  concentration  on  reuse  rather  than  inter- 
basin transfers  of  water  are  implicit  in  this  sort  of  an  adjustment. 

(6)  A Management  Adjustment.  Organization  of  Corps  personnel  to 
conduct  studies  most  frequently  partitions  the  hydrologist  from  the 
loundations  people  and  from  the  economists,  environmental  resource 
specialists  and  the  other  members  of  the  planning  team.  Some  of  the 
most  difficult  problems  in  Corps  project  reports,  however,  arise  from 
this  arrangement.  Somehow,  implications  of  urban  development  from 
economists  or  urban  planners  on  runoff  patterns  never  reach  the  hydrologist, 
thus  projected  runoff  coefficients  miss  the  mark  and  a fundamental  error 

is  introduced  to  the  project  analysis.  A high  degree  of  interaction  / 
should  be  encouraged  between  all  persons  and  disciplines  engaged  in  / 
planning  studies,  something  that  management  can  expedite  and  something 
that  the  individuals  must  endeavor  to  do.  ^ 

There  is  a significant  bias  among  Corps  managers  to  view  the  Corps 
activities  as  a series  of  projects  in  the  planning,  design,  construction 
and  operation  pipeline.  Thus,  an  unusual  emphasis  is  placed  upon  discrete 
parts  of  the  Corps  program.  Deliberate  emphasis  on  looking  at  all 
projects  in  a program  context  is  needed.  The  Planning  Program  and 
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Budgeting  System  offers  an  unusually  effective  means  of  comparing  the 
output  of  going  and  potential  projects  to  meet  needs.  This  analysis  can 
be  productively  utilized  at  the  Division  and  District  level  as  well  as 
OCE  level.  Too  often  PPBS  is  viewed  as  a sort  of  nusiance  done  only 
for  OCE  and  the  Office  of  the  Secretary  of  the  Army.  Continuous  and 
careful  study  of  needs  and  opportunities  can  lead  to  identification  of 
potential  reorientation  to  going  surveys  as  well  as  reorientation  of 
going  projects.  About  the  only  problem  for  field  offices  when  they 
recognize  the  need  for  reorientation  is  to  get  some  authority  for  expanded 
or  reoriented  studies.  Since  resolutions  appear  to  be  almost  free  goods, 
the  problem  resolves  to  a resource  allocation  problem,  something  that 
the  field  has  a great  deal  of  discretion  available  to  it.  This  means 
taking  it  from  one  area  lower  priority  and  giving  to  an  area  of  higher 
priority. 
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THE  INTERRELATIONSHIP  BETWEEN  PLANNING  OBJECTIVES 
AND  HYDROLOGIC  ANALYSIS  IN  WATER  RESOURCES  DEVELOPMENT 


Question.  Mr.  Harrison;  How  can  we  aanage  this  complex  planning  process 
so  we  can  pull  out  those  projects  that  are  obviously  needed  and  well 
Justified  and  start  building  them  now  without  awaiting  the 
conBimmatlon  of  5 or  10  years  of  planning? 

Reply.  Mr.  Antle;  Projects  obviously  needed  can  be  recognized  If  our 
assessment  of  needs  are  consistent  with  the  communities  (local, 
regional,  national).  The  urgency  must  be,  however,  conditioned  by 
the  level  of  uncertainty  about  potential  impacts,  both  desirable 
and  undesirable.  Therefore,  the  only  compelling  reason  for 
additional  study  Is  to  reduce  uncertainty  to  a level  acceptable  to 
the  community. 

Question.  Mr.  Harrison;  Is  It  necessary  for  us  to  prepare  detailed 

alternate  plans  for  each  objective  or  for  the  plan  that  ve  develop 
can  we  merely  show  how  objectives  were  considered  and  prepare  a 
display  or  check-off  In  which  we  show  how  our  plan  Impacts  on 
environmental  aspects  of  each  objective? 


Y.  Mr.  Antle;  We  should  develop  enough  alternative  plans  to 
demonstrate  the  bounds  in  the  range  of  impacts  across  the  various 
objectives.  Probably,  the  planning  process  will  include  several 
levels  of  aggregation,  such  that  potential  conflicts  can  be 
Identified  and  resolved  in  a systematic  manner  and  the  hard  needs 
for  additional  Information  Identified.  It  Is  obvious  that  rigorous 
study  of  foundation,  hydrologic  and  detailed  economic,  social  and 
environmental  studies  should  not  be  made  until  regional  needs  and 
national  priorities  are  consistent.  Fairly  rough  approximations 
can  establish  %diether  regional  needs  and  national  priorities  are 
consistent  or  at  least  define  the  areas  of  conflict. 


THE  ROLE  OF  HYDROLOGIC  ENGINEERING 
IN  THE  CORPS'  WATER  RESOURCES 
PLANNING  PROCESS 

By 

David  L.  SvauB* 


INTRODUCTION 


Tha  Civil  Worka  Prograa  for  davalopaMnC  of  vatar  raaourcaa  by  tha 
Corpa  of  Enginaara  ia  tha  largaat  and  aoat  divaraa  public  worka  prograa 
in  tha  Fadaral  aarvica.  Tha  axiating  and  futura  naada  for  flood  control, 
irrigation,  navigation,  aunicipal  and  induatrial  water  aupply,  aaintenanca 
of  water  quality,  preaarvation  and  enhancaaant  of  fiah  and  wildlife, 
water  oriented  racraation  and  for  other  water  uaaa  have  bean  racogniaad 
at  Federal,  State  and  local  intaraat  lavala.  Aaauaing  a continuation 
of  axiating  lagialativa  policies,  tha  Corpa  will  continue  to  be  assigned 
tha  responsibility  for  tha  planning,  design,  construction  and  operation 
of  a large  proportion  of  those  needed  projects. 

Purpose 

The  purpose  of  this  paper  is  to  discuss  the  role  of  hydrologic 
engineering  in  the  Corps'  water  resources  planning  process.  Efficient 
water  resources  developaents  for  the  future  will  require  conprehenslve 
studies  and  engineering  analysea  involving  application  of  the  nost 
advanced  techniques  and  criteria  afforded  by  professional  axperience  and 
engineering  training.  Hydrologic  engineering  plays  a role  of  fundanental 
iaportance  in  this  effort.  Applications  of  hydrologic  engineering  and 
the  iaportance  of  integrating  the  results  of  these  studies  into  the 
planning  process  are  discussed.  The  Corps  organisational  structure  for 
planning  and  hydrology  is  also  reviewed  and  conclusions  are  drawn  about 
what  is  needed  if  the  Corps  is  to  develop  technically  sound  coaprehenslve 
plans  to  aeet  water  resources  needs. 

Objectives  of  Water  and  Related  Land  Resources  Planning 

"Broadly,  the  objectives  of  planning  are  to  provide  a guide  for 
Federal,  State  and  local  interests  to  conserve,  develop  and  utilise 
their  water  and  related  land  resources  in  an  efficient  and  tiaely  aanner. 
Further,  such  planning  should  provide  a sound  basis  for  rational,  well 
considered  decisions  aaong  alternatives  or  coapeting  uses  of  these 
reaources-ths  aeeting  of  needs  and  desires  of  people  which  includes  the 
iaproveaent  in  the  quality  of  the  envlrotawat,  the  enhanceasnt  of 
national  econoale  developaant,  the  bettement  la  the  quality  of  life, 
and  the  stiaulatlon  of  regional  devalopaent."  (1)** 


* Hydraulic  Engineer,  Water  Control  Center,  North  Central  Division 

**  Refers  to  references  listed  at  the  end  of  the  paper 
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APPLICATIONS  OF  BTDBOLOGIC  ENGINEERING 


Dafloition 

As  s nstursl  rssponss  to  nasds  of  ths  tlas,  ssvsral  now  fields  of 
engineering  have  evolved  within  recent  yesrs.  Aaong  these  is  sn  area 
of  professional  specislisstion  best  described  as  "hydrologic  engineering."  (2) 
Bydrologic  engineering  is  identified  as  an  area  of  civil  engineering  practice 
in  which  eppllcstions  of  profesaionel  knowledge  of  hydrology  constitute 
key  eleaents  in  the  planning • design,  construction  end  operation  of  water 
resources  developnents.  (3) 

Analyses  of  Basic  Date 

The  analyses  of  basic  date  are  one  phase  of  the  overall  water  resources 
study  effort  %rhere  hydrologic  engineera  can  nake  a unique  contribution. 

Lesi^  capacities  and  operational  characteristics  of  individual  projects 
and  systems  are  based  on  estimates  of  probable  future  hydrologic 
events  that  are  assumed  to  occur  within  the  effective  life  of  such 
projects.  These  estlMtes  normally  are  based  on  inference  drawn  from 
the  analyses  of  records  of  hydrologic  events  that  have  been  observed 
over  a period  of  years.  However,  a large  amount  of  thoughtful  deliberations 
must  enter  into  the  analyses  of  "basic  data"  before  logical  deductions 
regarding  future  recurrences  of  events  can  be  drewn. 

There  are  very  few  streams  in  the  country  whose  runoff  characteristics 
have  not  been  changed  to  some  extent  by  the  works  of  nan.  For  example, 
stage-discharge  relations  nay  be  altered  repeatedly  during  the  period 
of  observation  at  a particular  stream  gaging  station  by  the  construction 
of  levees,  channel  improvements,  bridges,  or  other  local  features;  valley 
storage  effects  nay  be  modified  by  natural  or  artificial  changes  in  the 
flood  plain;  the  construction  of  reservoirs,  land  treatment  measures, 
irrigation  practices,  and  other  causes  affecting  evaporation  and  runoff 
often  result  in  substantiel  changes  in  both  the  quantity  and  rate  of 
streamflow.  A variety  of  correlation  and  routing  techniques  are  available 
to  hydrologic  engineers  for  use  in  analysing  streamflow  records  and  in 
adapting  them  to  reflect  current  conditions  for  use  in  project  studies. 

The  capability  of  hydrologic  engineers  to  analyse  streemflow  records  and 
to  relate  them  to  a coasKm  base  should  be  integrated  into  the  water 
resources  planning  process. 

Generalised  Estimstes 

In  some  cases  the  adapted  streasiflow  records  should  serve  as  a basis 
for  preparstlon  of  generalised  estimates  of  hydrologic  conditions  for  use 
in  project  studies.  Realistic  generalised  hydrologic  relations  can 
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usually  be  developed  with  less  expenditure  of  time  and  money  than  would 
be  required  for  preparation  of  Independent  estimates  for  a large  number 
of  locations  In  a drainage  basin.  Generalized  relationships  provide 
a consistent  basis  for  estimating  runoff  from  ungaged  drainage  areas, 
for  analyzing  storage  capacity  allocations  corresponding  to  hydrologic 
events  having  various  probabilities  of  occurrence,  and  for  establishing 
design  criteria  that  are  consistent  for  each  component  of  the  system. 

These  generalized  estimates,  prepared  by  hydrologic  engineers,  can  be 
especially  useful  to  planners  In  the  preliminary  phases  of  project 
formulation  studies. 

Comprehensive  Basin  Plans 

Recent  Innovations  In  mathematical  modeling  of  hydrologic  systems  have 
provided  hydrologic  engineers  with  a flexible  tool  to  analyze  systems  for 
meeting  specific  needs  and  conditions.  Systems  analyses  should  be 
Integrated  Into  the  planning  process  during  detailed  studies  to  assist 
in  evaluating  the  alternatives.  Analyses  should  first  be  made  for 
systems  for  meeting  single  purpose  needs  such  as  flood  control.  Irrigation 
or  maintenance  of  water  quality.  For  example,  systems  of  structural  and 
non-structural  measures  whose  objective  Is  to  provide  what  could  be  called 
"ideal  flood  protection"  could  be  developed.  In  this  paper  "ideal  flood 
protection"  Is  defined  as  the  degree  of  protection  that  Is  desirable, 
but  may  not  be  attained  because  of  economic  Infeaslblllty,  environmental 
objections  or  other  constraints.  The  initial  goal  of  this  type  of  study 
effort  should  be  to  develop  a plan  for  providing  standard  project  flood 
protection  for  all  urban  areas  and  to  provide  a reasonable  degree  of 
protection  to  the  agricultural  and  sparsely  developed  areas  within  the 
floodplain. 

This  type  of  study  by  hydrologic  engineers  is  a logical  first  step  in 
developing  a comprehensive  basin  plan,  even  though  project  formulation 
analyses  during  later  stages  of  the  study  may  show  that  complete 
regulation  by  structural  measures  alone  or  In  combination  with  non-structural 
measures  Is  Infeasible.  An  optimum  plan  for  providing  Ideal  flood 
protection  may  also  serve  as  a guide  for  future  development  of  projects 
throughout  the  basin  because  some  of  the  components  which  are  not 
feasible  at  the  time  of  the  study  may  become  feasible  In  the  future  due 
to  changes  In  policy,  public  attitude  or  Increased  development  of 
the  basin. 

The  basic  hydrologic  model  of  the  basin  that  was  developed  for  a single 
purpose  can  readily  be  revised  to  reflect  other  needs  or  conditions.  Most 
likely  revisions  will  be  required  during  the  course  of  the  study  because 
of  conflicting  basin  requirements  and  Inadequate  supplies  to  meet  all  needs. 
Some  basins  are  sensitive  to  a mix  of  purposes  and  trade-offs  must  be 
evaluated.  Hydrologic  models  can  be  of  great  assistance  In  evaluating 
multi-purpose  projects. 


CORPS  ORGANIZATIONAL  STRUCTURE  FOR 
PLANNING  AND  HYDROLOGIC  ELEMENTS 


Coordination 

When  studies  are  made  for  a relatively  small  project  at  one  site,  only 
minimum  coordination  is  required  during  the  course  of  the  study.  However, 
during  comprehensive  basin  studies  that  Include  an  evaluation  of  several 
alternatives,  there  is  need  for  frequent  joint  discussions  between 
participating  elements  to  assess  the  direction  and  status  of  the  study 
effort.  Project  formulation  elements  must  learn  about  the  capability 
of  hydrologic  engineers  and  utilize  that  capability  by  requesting  the  type 
and  scope  of  hydrologic  studies  that  will  help  to  insure  sound  project 
formulation.  Hydrologic  engineers  must  understand  the  total  study  effort 
involved  so  they  are  prepared  to  furnish  their  input  when  it  is  needed  and 
in  a form  that  can  readily  be  used  in  formulation  of  specific  projects. 
Recently  there  has  been  a trend  toward  the  development  of  complex 
models  such  as  those  used  for  simultaneous  solution  of  hydrologic 
conditions  and  economic  evaluations.  More  coordination  will  be  required 
in  the  future  as  a result  of  this  trend.  Higher  study  costs,  delays  in 
study  completion  and  a lower  quality  study  effort  will  result  if  inadequate 
coordination  is  affected.  Therefore,  it  is  important  that  District 
offices  develop  the  capability  for  close  coordination  within  their 
organizational  structure. 

Organizational  Structure 

The  organizational  structures  of  the  36  Districts  located  within  the 
10  continental  Divisions  of  the  Corps  were  reviewed  to  assist  in 
determining  the  magnitude  of  the  coordination  problem.  The  titles  of 
each  division,  branch,  section  and  unit  shown  on  the  August  1971 
District  organizational  charts  were  reviewed.  The  location  of  the 
project  formulation  and  hydrology  specialties  within  the  District 
organizational  structure  were  identified  as  reliably  as  possible  from  the 
organizational  charts.  It  is  recognized  that  either  plan  formulation 
or  hydrology  may  be  performed  in  more  than  one  element  in  some  District 
offices.  The  titles  of  the  elements  in  each  District  office  that 
suggested  responsibility  for  planning  and  hydrologic  studies  for 
comprehensive  basin  plans  were  tabulated.  A summary  of  these  tabulations 
follows : 

LOCATION  OF  PROJECT  FORMUTATION 
AND  HYDROLOGY  ELEMENTS  IN  DISTRICT  OFFICES 


Location  Number 


Same  Branch,  Same  Division  16 

Separate  Branch,  Same  Division  17 

Separate  Branch,  Separate  Division  _3 

Total  Number  of  Districts  36 
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The  table  shows  that  the  responsibilities  for  project  formulation 
and  hydrologic  studies  in  over  one-half  of  the  Districts  are  assigned  to 
separate  branches  with  three  Districts  having  established  planning 
divisions.  The  trend  for  more  Districts  to  establish  planning  divisions 
is  quite  clear.  It  is  my  view  that  the  overall  result  of  continued 
development  of  the  planning  elements  in  District  offices  will  Improve 
the  capability  of  the  Corps  in  water  resources  planning.  However,  this 
type  of  organizational  structure  places  several  supervisory  positions 
between  working-level  planners  and  hydrologic  engineers  thereby 
necessitating  additional  coordination.  It  also  could  create  the  problem 
of  establishing  compatible  priorities  within  the  separate  elements.  It 
appears  that  the  best  type  of  organizational  structure  for  establishing 
a close  working  relationship  exists  in  those  Districts  where  project 
formulation  and  hydrology  have  been  established  as  sections  in  the  same 
branch  in  the  engineering  division.  The  branch  chief  can  then  establish 
consistent  priorities  for  both  sections  and  can  direct  the  branch  effort 
in  an  efficient  manner.  However,  this  type  of  organizational  structure 
does  not  emphasize  planning  for  water  resources  development  to  the 
extent  that  is  desired. 

The  problem  of  coordination  has  been  recognized  by  many  leaders  in 
the  Corps.  For  example,  Robert  E.  Jordan,  Special  Assistant  to  the 
Secretary  of  the  Army  (Civil  Functions)  pointed  this  out  in  a Memorandum 
for  the  Planning  Study  Contractor,  dated  29  January  1971.  He  stated 
the  following:  "a  key  element  in  formulating  water  resource  plans  is 
hydrology,  yet  the  hydrology  function  in  OCE  is  located  in  the 
Engineering  Division.  The  pros  and  cons  of  this  organization  arrangement 
for  hydrology  should  be  examined."  It  is  my  view  that  the  advantages 
of  consolidating  all  of  the  District  expertise  in  the  field  of  hydrology 
into  one  unit  outweighs  the  disadvantages  since  applications  of  hydrology 
exist  in  the  planning,  design,  construction  and  operation  phases  of  the 
Civil  Works  Program.  A strong  unified  hydrologic  element  should  be 
retained  in  the  engineering  division  of  each  District  office  because 
this  is  the  best  means  of  developing  and  maintaining  expertise  in  the 
field.  Nevertheless  it  may  pose  a problem  in  coordination. 

It  is  evident  that  planners  and  hydrologists  must  maintain  both  formal 
and  infotrrial  lines  of  communication.  When  more  Districts  establish 
plann;ng  divisions,  the  need  for  Informal  communication  between  planners 
and  hyb'tolcglc  engineers  will  become  even  more  urgent.  Supervisors 
should  :''ourage  informal  coordination  at  the  study  working  level  in 
order  to  bridge  any  barriers  to  formal  coordination  that  may  occur  as 
a result  of  organizational  structures.  This  informal  coordination  is 
needed  if  the  Corps  is  to  develop  technically  sound  comprehensive  plans 
to  meet  water  resources  needs. 

There  are  several  examples  where  efforts  have  been  made  to  improve 
coordination  for  solution  of  specific  problems  of  high  priority  by 
establishing  groups  such  as  task  forces,  ad  hoc  committees  and  planning 
teams.  Membership  of  these  groups  have  consisted  of  several  disciplines 
including  planning,  hydrologic  engineering,  economics  and  other 
specialties.  In  some  cases  this  has  been  an  effort  to  formalize  an 
Informal  relationship  where  working  level  personnel  can  get  together  at 
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regular  Intervals.  After  the  group  has  been  established  through  the 
proper  supervisory  chain  of  command.  It  can  perform  on  an  Informal  basis. 

It  appears  that  this  method  of  achieving  coordination  should  be  more 
widely  used  for  major  studies  within  the  Corps.  The  resultant 
coordination  and  exchange  of  Ideas  may  materially  Improve  the  quality 

of  planning  for  water  resources  development.  | 

Grade  Levels 

During  the  review  of  organizational  charts  It  was  observed  that  In 
about  one-third  of  the  Districts  the  chief  of  the  element  which  has 

responsibility  for  project  formulation  Is  one  grade  higher  than  his  i 

counterpart  In  hydrology.  It  was  also  noted  that  only  16  of  the  36 
Districts  had  established  hydraulic  or  hydrologic  engineering  branches 

In  the  engineering  division.  These  two  facts  seem  to  Indicate  that  In  1 

spite  of  the  vital  role  the  hydrologic  engineer  plays  In  maintaining 
the  quality  of  planning  and  engineering  accomplishments,  his  stature  Is 
not  always  equitable  with  that  of  his  associates  In  planning  or  some 
of  the  other  engineering  disciplines.  This  does  not  provide  proper 
emphasis  of  this  field  In  view  of  the  major  Influence  that  hydrologic 
estimates  have,  not  only  In  the  planning  of  projects,  but  In  the 
design  and  operation  of  projects  as  well.  This  lack  of  stature  Is  a 
source  of  discouragement  to  some  capable  hydraulic  engineers  and  It 
Is  creating  a problem  In  attracting  and  retaining  engineers  In  this  field, 
particularly  In  those  Districts  where  a grade  differential  exists. 

The  end  result  Is  that  the  capability  of  District  offices  to  perform 
high  quality  hydrologic  and  hydraulic  studies  needed  by  planning  and 
other  elements  Is  reduced. 

There  are  only  a limited  number  of  personnel  outside  government 
service  who  have  the  necessary  training  and  experience  that  would  qualify 
them  to  perform  comprehensive  hydrologic  studies  on  a consulting  services 
basis.  This  situation  makes  It  mandatory  for  Corps  organizations  to 
develop  and  maintain  expertise  In  hydrologic  engineering.  To  successfully 
do  so,  grades  established  for  hydraulic  engineer  positions,  which 
Includes  hydrologic  engineers,  within  the  Corps  must  be  comparable  with 
those  of  planning  and  other  disciplines  In  order  to  attract,  recruit 
and  retain  the  high  quality  staffs  that  are  needed  In  this  field. 


CONCLUSIONS 


It  Is  anticipated  that  the  Corps  will  continue  to  be  assigned  the 
responsibility  for  planning  a large  portion  of  the  nation's  needed  water 
resources  projects. 

Hydrologic  engineering  plays  a role  of  fundamental  Importance  In 
the  Corps'  water  resources  planning  effort.  The  analyses  of  basic  data 
Is  one  phase  of  the  overall  study  effort  where  hydrologic  engineers 
can  make  a unique  contribution.  Preparation  of  generalized  hydrologic 
relations  for  use  In  basin  studies  can  save  time  and  money,  particularly 
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during  preliminary  phases.  Hydrologic  engineers  have  increased  their 
capability  for  developing  mathematical  models  of  hydrologic  systems . 

This  capability  should  be  Integrated  into  the  planning  process  during 
detailed  studies  to  assist  in  evaluating  alternatives. 

The  trend  for  more  Districts  to  establish  planning  divisions  is 
quite  clear.  This  type  of  organizational  structure  places  several 
supervisory  positions  between  working  level  planners  and  hydrologic 
engineers.  In  such  cases  supervisors  should  encourage  informal 
coordination  at  the  working  level  to  bridge  any  barriers  to  formal 
coordination  that  may  occur  as  a result  of  the  Corps  organizational 
structures.  The  use  of  groups  such  as  task  forces,  ad  hoc  committees 
and  planning  teams  composed  of  several  disciplines  should  be  more 
widely  used  within  the  Corps.  The  resultant  coordination  and  exchange 
of  ideas  may  materially  improve  the  quality  of  planning  for  water 
resources  development. 

In  spite  of  the  vital  role  the  hydrologic  engineer  plays  in 
maintaining  the  quality  of  planning,  design  and  operation  of  projects, 
his  stature  is  not  always  equitable  with  that  of  his  associates  in 
planning.  Expertise  in  the  field  of  hydrologic  engineering  must  be 
developed  and  maintained  within  the  Corps  organization.  Therefore, 
grades  established  for  hydrologic  engineers  within  the  Corps  must  be 
comparable  with  those  of  planning  and  other  disciplines  in  order  to 
attract,  and  retain  the  high  quality  staffs  that  are  needed  in  this  field. 

Regardless  of  the  degree  of  recognition  that  is  accorded  in  specific 
Corps  offices,  the  nature  and  importance  of  hydrologic  engineering 
should  be  recognized.  Special  efforts  should  be  made  to  assure  that 
pertinent  hydrologic  analyses  receive  proper  attention  during  all 
phases  of  studies  related  to  water  resources  development. 
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FC»MULATING  FLOOD  CONTROL 
CAPABILITY  OF  WATER  RESOURCE  PROJECTS 

By 

Vernon  K.  Hagen ^ 


BACKGROUND 


In  the  development  of  our  Nation's  water  resources,  flood  control 
has  and  will  continue  to  be  a prime  objective.  The  Corps  of  Engineers 
and  other  entities  have  been  actively  engaged  in  the  prevention  of 
flood  damages  for  many  years,  yet  the  annual  flood  damage  continues  to 
TOunt.  Some  experts  direct  all  fault  to  the  unwise  development  of 
flood  plains  primarily  by  the  unknowing  or  uninformed.  However,  this 
does  not  explain  \diy  individuals  with  many  years  of  flood  control  traln- 
^ and  expertise  continue  to  invest  in  property  that  is  flood  prrne. 
ie  priorities  of  these  individuals  and  con^anies  must  be  closely  air<im<nfM< 
o understand  this  apparent  lack  of  good  Judgement.  The  individual  with 
a home  located  along  the  banks  of  the  Williamette  River  in  Oregon  or  near 
a beach  in  Florida  is  primarily  concerned  with  the  aesthetics  and  con- 
venience of  his  chosen  location.  Economic  optimization  and  even  hazards 
to  his  very  life  may  have  been  given  secondary  consideration.  The 
businessman  may  be  essentially  concerned  with  increasing  his  earning 
power.  Locations  near  Inexpensive  transportation  such  as  navigation 
facilities  may  be  a more  conpelling  force  than  the  occasional  direct 
flood  damages  and  loss  of  business.  Then  of  course  there  is  always  the 
possibility  of  a governmental  entity  providing  some  form  of  flood  pro- 
tection to  further  enrich  his  holding.  This  paper  is  not  directed 
toward  the  issue  of  personal  vs.  governmental  obligations  in  the 
development  of  flood  control  measures.  It  is,  however,  intended  to 
Illustrate  many  of  the  factors  that  should  be  considered  in  formulating 
flood  control  plans.  The  role  of  the  hydrologic  engineer  in  this 
Important  decision  making  process  will  be  stressed  and  his  Interface 
with  the  planning  discipline  eophasized. 

FLOOD  DAMAGE  PREVENTION  MEASURES 

Probably  the  only  fully  effective  non-structual  method  of 
preventing  flood  damages  is  the  zoning  of  lands  subject  to  inundation. 

Flood  insurance  provides  a method  for  lifting  the  burden  of  flood 
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d«Mge  from  the  Individual  by  Federal  aubsidy  and  by  spreading  the  loss 
Mong  many.  It  also  makes  the  loss  less  painful  by  converting  locses 
to  annual  payments.  Inability  to  obtain  flood  insurance  or  variable 
premium  rates  tend  to  discourage  people  from  living  in  areas  frequently 
flooded  because  of  lack  of  insurance  or  high  costs. 

Guidance  can  be  provided  thru  the  use  of  tools  such  as  the  flood 
plain  information  report  but  little  will  be  gained  without  laws  to 
prevent  development  or  at  least  to  regulate  development.  Land  use  plans 
can  be  effectively  developed  by  city  and  regional  planners  idien  they 
have  sufficient  information  on  flood  levels  and  velocities  as  well  as 
the  probability  of  their  occurrence.  Other  aspects  that  may  influence 
land  use  are  the  rate  of  rise  wd  duration  of  flood  waters;  also,  the 
saturation  of  land  by  abnormally  high  levels  of  ground  water  can  cause 
extensive  flood  damage.  All  this  information  on  flood  characteristics 
should  be  developed  by  individuals  cooqpetent  in  the  hydrologic  engineer- 
ing discipline.  Inaccurate  information  may  result  in  unwise  zoning  and 
liiq>raper  development. 

Information  on  flood  characteristics  is  equally,  if  not  more, 
essential  in  the  formulation  of  structural  flood  damage  prevention 
measures  than  nonstructural  measures.  Structural  techniques  that  have 
been  successfully  utilized  in  preventing  flood  damages  include: 

a.  Floodproofing 

b.  Relocation 

c.  Channel  inq>rovements 

d.  Diversions 

e.  Land  treatment 

f.  Levees  and  floodwalls 

g.  Reservoirs 

Each  type  of  flood  protection  is  unique  and  sound  planning  and  design 
requires  analyses  of  flood  characteristics  that  would  have  any 
significant  effect  on  decisions  regarding  the  selection  and  sizing  of 
structural  facilities.  Ihe  choice  of  facilities  to  prevent  or  reduce 
flood  damages  can  be  a complex  process,  particularly,  where  a system  of 
many  alternatives  is  possible.  Occasionally,  a flood  problem  can  be 
solved  by  the  provision  of  one  type  structure  with  all  its  cosplimentary 
facilities.  However,  in  present  day  planning  such  relatively  simple 
solutions  are  becoming  the  exception  to  the  rule.  Most  engineers 
and  planners  have  their  own  idiosyncrasies  when  it  comes  to  selecting 


and  sizing  flood  control  works.  These  traits  nay  be  passed  on  from 
supervisors,  obtained  from  instructors  and  written  material,  or  developed 
from  personal  experiences.  Regardless  of  bias,  there  are  certain 
capabilities  connected  with  each  type  structure  that  should  be  analyzed 
and  weighted  on  the  planning  scales.  Comuents  on  the  limitations  and 
advantages  of  alternative  structural  measures  are  presented  in  the 
subsequent  paragraphs.  Complete  treatment  of  the  subject  is  not 
Intended;  however,  illustrations  are  given  to  indicate  the  dependency 
on  hydrologic  engineering  information  and  judgement. 

Floodproofing  is  an  important  technique  that  can  be  ulitlzed  by 
individuals  and  corporations  in  the  flood  protection  of  their  property. 

This  procedure  is  generally  not  recommended  for  Federal  Investment  on 
private  property  but  may  be  used  on  governmental  facilities.  Hydrologic 
engineering  information  can  be  obtained  from  private  engineering  firms 
or  governmental  agencies  but  it  is  important  to  have  accurate  and  complete 
information.  Data  on  flood  levels  and  their  probability  of  exceedence 
under  present  day  conditions  will  usually  not  be  adequate  for  the 
life  of  the  proposed  structure.  Urban  and  other  development  can  rapidly 
alter  the  hydrologic  characteristics  of  relatively  small  streams. 

Future  conditions  must  be  anticipated  and  studies  adjusted  accordingly. 
Velocity  of  flow  and  ground  water  conditions  are  essential  Ingredients 
in  the  design  of  floodproofing  facilities.  Caution  should  be  exercised 
in  the  use  of  floodproofing  on  existing  buildings  unless  there  is  good 
information  on  the  original  design  and  present  condition.  The  degree  of 
deterioration  of  a structure  is  usually  difficult  to  establish  and  flood 
loads  could  cause  sudden  failure.  Floodproofing  measures  are  particularly 
attractive  when  facilities  are  located  at  some  distance  from  other 
structures  and  common  flood  control  works  are  not  practicable. 

The  relocation  of  facilities  from  flood  prone  areas  to  avoid  future 
damages  has  generally  not  been  practiced  by  the  Federal  government 
except  for  property  located  in  potential  reservoir  areas.  This  procedure 
is  difficult  to  inq)lement  unless  provided  for  at  governmental  expense. 

There  is  at  least  one  instance  where  the  Corps  has  recommended  Federal 
participation  in  relocation  of  facilities  from  a flood  plain  as  the 
solution  to  a flood  problem.  Most  property  owners  are  reluctant  to  bear 
the  expense  of  relocation  and  are  willing  to  take  their  chances  with 
future  floods.  In  an  effort  to  force  the  abandonment  of  the  flood  plain 
to  flood  resistant  activities  some  local  entities  are  refusing  rebuilding 
permits  for  those  structures  damaged  by  floods.  Although  formal  hydrologic 
engineering  studies  are  not  utilized  in  these  circumstances,  experienced 
hydrologic  events  provide  the  basis  for  permit  refusals.  Relocations 
in  reservoir  areas  are  governed  to  a large  extent  by  hydrologic  factors 
which  may  include  pool  level  probabilities,  wave  action,  tributary  flows, 
ground  water,  and  backwater  effects  of  the  reservoir  on  stream  flow 
profiles. 
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Channel  Inprovenient  works  have  significant  advantages  as  well  as 
difficult  problems  which  should  be  considered  before  selection  as  a 
method  of  flood  protection.  Features  which  tend  to  favor  their  construc- 
tion are  the  smaller  acquisition  of  land,  minimum  requirements  for  side 
drainage  facilities,  and  Che  ability  to  provide  reduction  in  flood 
levels  for  floods  greater  than  the  design  flood.  Negative  factors  can 
include  the  increase  of  flood  flows  downstream  from  the  improvement,  costly 
bridge  and  utility  relocations,  and  difficult  maintenance  problems.  Many 
people  have  adverse  feelings  about  the  aesthetics  of  channel  improvements 
especially  if  they  are  concrete  lined.  Others  may  not  be  offended  by  an 
additional  ribbon  of  concrete  thru  their  city.  However,  this  blow  to 
mans'  sensitive  nature  can  often  be  eased  by  enclosing  the  channel  with  a 
city  street  or  by  some  architectural  or  landscape  treatment.  A common 
oversight  or  deficiency  in  channel  improvement  design  is  the  lack  of 
adequate  protective  covering.  Although  sized  to  pass  flows  of  sufficient 
magnitude,  many  denuded  channels  can  be  seriously  eroded  by  floods  sub- 
stantially less  than  the  design  flow.  Deposition  of  this  eroded  material 
also  creates  problems  at  downstream  locations.  Hydrologic  characteristics 
essential  for  channel  design  include  probabilities,  durations,  velocities, 
and  magnitudes  of  flow.  In  some  cases  it  is  necessary  to  have  hydrographs 
for  routing  flows  in  relatively  long  river  reaches.  Water  surfaces  pro- 
files for  conditions  without  a project  must  be  compared  with  profiles  for 
conditions  assumed  with  the  improvement  to  evaluate  the  effect  of  the  pro- 
posed changes.  Flows  from  side  drainage  should  be  determined  to  permit 
sound  design  of  inlet  structures. 

Channel  diversions  should  not  be  contemplated  without  serious 
deliberation  concerning  the  consequences  of  such  action.  Unwise  design 
can  frequently  result  in  creating  flood  problems  in  areas  previously 
immune  from  such  disasters.  Conversely,  the  loss  of  water  supply  by 
man-made  structures  could  provide  the  basis  for  complaints  and  legal 
action.  Much  of  the  success  of  a diversion  plan  depends  on  the  design  of 
the  diversion  dam  or  dike.  Facilities  may  be  required  to  insure  passage 
of  low  and  normal  flows  down  the  original  channel.  Overflow  provisions 
should  be  made  to  avoid  diverting  more  flow  than  the  diversion  channel 
can  safely  pass.  The  dam  or  dike  must  also  be  designed  in  such  a 
manner  to  avoid  sudden  failure  and  the  creation  of  a flood  wave  thru 
the  protected  area.  The  planning  and  design  of  a diversion  plan  requires 
hydrologic  information  similar  to  the  channel  improvement.  There  may 
also  be  a need  to  assess  the  changes  in  ground  water  conditions  created 
by  a channel  improvement  or  diversion. 

Land  treatment  measures  have  been  actively  promoted  and  pursued  as 
an  effective  means  of  reducing  the  potential  for  flood  damage.  Probably 
the  most  dramatic  example  of  the  effect  of  ground  cover  on  runoff  occurs 
in  and  around  the  Los  Angeles  area.  Rain  storms  subsequent  to  burnoffs 
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or  forest  fires  result  in  substantially  greater  and  more  rapid  runoff. 
Large  volumes  of  debris  are  carried  by  the  fast  moving  flood  waters 
and  cause  damages  much  greater  than  by  the  water  itself.  Until  these 
areas  ca^i  be  reforested,  flood  hazards  are  much  more  intense  for  areas 
downstream.  Design  of  flood  protection  and  flood  information  should 
be  based  on  appropriate  considerations  for  changes  in  land  treatment. 

Many  channel  Tiprovement  projects  should  include  appropriate  debris 
basins  otherwise  their  effectiveness  may  be  negated  by  the  deposition 
and  the  erosiveness  of  the  debris.  Effects  of  land  treatment  are  diffi- 
cult to  quantify  and  are  further  complicated  by  the  uncertain  nature  of 
future  land  use.  Although  research  has  been  conducted  on  runoff  changes 
due  to  land  treatment,  it  is  virtually  impossible  to  transpose  this 
information  from  one  basin  to  another  because  of  the  Indeterminent 
correlation  of  runoff  characteristics.  Some  of  the  more  important  vari- 
able hydrologic  factors  affected  by  land  treatment  include  roughness 
factor,  infiltration,  time  of  concentration,  soil  moisture,  and  surface 
storage. 

Levees  and  floodwalls  are  traditional  methods  of  providing  local- 
ized flood  protection.  Although  greater  in  numbers  of  projects,  this 
technique  has  several  inherent  disadvantages.  Sudden  failure  of  a high 
levee  or  floodwall  could  in  many  cases  result  in  catastrophic  conditions. 
Attendant  facilities  must  be  properly  designed  and  operated  otherwise 
the  project  may  not  function  as  intended.  Closure  structures  and 
interior  drainage  facilities  are  critical  elements  of  these  projects. 

The  use  of  valuable  land  will  usually  have  to  be  foregone  because  it 
is  needed  to  place  structures  or  to  provide  ponding  areas.  In  some 
cases  scenic  waterways  or  beaches  are  screened  form  the  view  of  the 
protected  populace.  Despite  serious  short  comings,  levees  and  floodwalls 
are  often  recommended  because  there  is  no  alternative  method  available 
to  provide  flood  protection  or  to  provide  a high  degree  of  protection. 
During  the  planning  of  levees  and  floodwalls,  studies  should  be  made  to 
ascertain  any  adverse  affects  which  they  may  have  on  river  characteristics 
in  adjacent  or  other  areas.  Hydrologic  information  required  is  similar  to 
that  needed  for  channel  improvement.  However,  the  rate  of  river  rise 
and  fall  can  be  most  critical  in  project  design  and  operation.  Pumping 
plants  and  some  types  of  closure  structures  may  not  be  effective  in 
rapidly  peaking  and  short  duration  floods.  Anticipated  wave  action  can 
also  establish  specific  design  requirements,  especially  when  the  dike  is 
a hurricane  barrier  being  provided  to  protect  coastal  inhabitants  from 
ravage  by  the  sea. 

Reservoirs  have  been  used  universally  to  control  or  reduce  the 
distructive  power  of  floods.  Sites  for  dams  are  becoming  scarce  and 
there  is  a growing  concern  over  the  desecration  of  our  natural  waterways. 
Therefore,  considerable  opposition  will  likely  develop  whenever  future 
reservoirs  are  proposed.  The  adverse  effects  of  reservoirs  can  be 
numerous  if  all  facets  are  not  studied  and  mitigating  measures  taken  to 
offset  losses.  While  the  disadvantages  can  be  significant,  the  benefits 
are  so  great  in  some  cases  that  the  construction  of  reservoirs  should 
not  be  arbitrarily  discontinued  to  satisfy  special  interests.  Each 
case  should  be  decided  on  its  own  merits  and  losses.  The  effectiveness 


of  reservoirs  in  controlling  floods  depends  on  the  types  of  facilities 
provided,  the  amount  of  storage  available,  the  percent  of  drainage  area 
controlled,  and  the  method  of  operation.  Hydrologic  engineering  expertise 
should  always  be  utilized  in  planning  reservoir  projects  to  avoid  » 

impractical  recommendations.  There  is  a tendancy  to  select  the  least 
expensive  facilities  in  planning  studies  to  shown  favorable  benefit/cost 
ratios.  This  practice  can  lead  to  complications  in  the  detailed  design 
phase  when  alternate  facilities  of  substantially  more  cost  are  selected. 

It  behooves  the  planner  to  ascertain  the  real-time  practicability  of 
proposed  plans  before  final  recommendations.  For  example,  when  spillway 
gates  are  proposed,  it  must  be  demonstrated  that  trained  operators  will 
be  available  and  have  sufficient  time  to  manipulate  the  gates  according 
to  instructions  from  reservoir  regulation  personnel  or  predetermined 
operating  procedures.  All  phases  of  hydrologic  engineering  expertise 
should  be  brought  to  bear  in  planning,  design,  construction,  and  operation 
of  reservoir  projects. 


FORMULATION  BIAS 

In  the  formulation  of  plans  to  reduce  flood  damages  there  are  many 
special  interests.  Each  interest  has  its  own  brand  of  importance  and 
should  be  given  an  equitable  share  of  consideration  in  the  formulation 
process.  Hydrologic  engineering  plays  a significant  role  in  many  of 
the  decisions  of  special  interests. 

The  economist  must  take  a major  part  in  selecting  flood  control 
facilities  both  in  the  private  and  public  sector  for  there  is  consider- 
able competition  for  the  use  of  available  funds.  Unless  a public 
endeavor  can  show  some  sort  of  benefits  in  excess  of  costs,  the  Congress 
and  executive  branch  are  reluctant  to  sponsor  such  activities  in  the 
development  of  our  water  resources.  Therefore,  the  economist  has  to 
diligently  search  for  those  projects  and  systems  that  provide  the  greatest 
return  for  the  investment.  Hydrologic  engineering  studies  provide  many 
of  the  relationships  that  are  needed  to  assess  the  worth  of  projects. 
Backwater  studies  and  flood  routings  are  used  to  develop  water  surface 
profiles  with  and  without  proposed  improvements.  Statistical  procedures 
are  used  to  estimate  the  probability  of  reservoir  pool  levels  and  the 
exceedence  chances  for  flood  events.  Synthetic  floods  are  developed  to 
measure  standards  of  performance.  Hydrologic  relationships  are  combined 
with  damage  and  cost  relationships  to  provide  the  economic  worth  of  the 
proposed  plan  or  portions  thereof.  Elements  of  the  plan  can  thus  be 
measured  in  various  combinations  until  the  optimum  economic  plan  evolves. 

The  design  engineer  has  personal  built  in  bias  just  as  the  economist. 
His  primary  goal  is  to  design  a project  that  is  functionally  sound  and 
secure  from  safety  hazards.  Failure  of  an  important  engineering  work 
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such  as  a major  dam  could  mean  the  end  of  a professional  career  or  even  the 
demise  of  a Federal  agency.  Therefore,  It  Is  essential  that  the  design 
engineer  have  hydrologic  Information  on  probable  maximum  and  standard 
project  floods  to  size  spillways,  select  tops  of  dams  and  levees,  ascertain 
design  loads,  etc.  It  Is  also  necessary  for  him  to  know  about  ground 
water  conditions,  probabilities  of  floods  during  and  after  project 
construction,  and  many  other  hydrologic  factors. 

The  ecologist  has  a vital  Interest  In  flood  control  development  for 
he  Is  basically  concerned  about  the  quality  of  life.  However,  his  concern 
Is  generally  not  directed  toward  human  activities  but  Is  rather  devoted 
to  wildlife  creatures  which  are  essentially  helpless  as  man  Invades  their 
environment.  In  his  assessment  of  proposed  flood  control  plans,  the 
ecologist  must  also  have  access  to  extensive  hydrologic  Information. 

It  Is  Important  for  him  to  know  how  a reservoir  pool  will  fluctuate  In 
order  to  evaluate  Its  effect  on  nesting  grounds,  migration  habits,  and 
other  environmental  concerns  of  the  wildlife.  Changes  In  hydrologic 
regime  brought  about  by  flood  control  activities  should  be  analysed  to 
determine  their  effect  on  ecosystems.  The  net  effect  of  these  changes 
can  very  well  result  In  Improved  conditions;  therefore,  the  ecologist 
should  be  concerned  with  both  the  positive  and  negative  effects  of  the 
project. 

Local  Interests  should  have  a significant  voice  in  the  formulation 
of  flood  control  plans.  They  should  also  play  an  Important  role  In  the 
achievement  of  their  objectives.  Land  use  planning,  zoning,  building 
codes,  and  citizen  participation  are  all  techniques  that  should  be 
employed  by  local  governments  In  reducing  their  flood  losses.  However, 
the  average  citizen  Is  uninformed  regarding  many  flood  characteristics 
and  alternative  ways  of  reducing  their  damages.  He  must  be  made  aware 
of  the  potential  hazards  from  floods  and  Inadequate  types  of  protection. 
Local  Interests  are  often  inclined  to  direct  their  efforts  toward  the 
activities  that  are  least  costly  to  them  in  terms  of  money  and  inconven- 
ience. Some  Federal  programs  base  their  support  on  certain  minimum 
levels  of  flood  protection.  In  order  to  participate  in  these  programs, 
local  Interests  will  sponsor  flood  protection  works  based  on  these 
minimum  levels  without  due  consideration  of  the  potential  consequences 
of  their  action.  Therefore,  it  is  necessary  that  local  Interests  be 
aware  of  hydrologic  engineering  Information  that  would  have  Impact  on 
their  decisions  and  recommendations. 

Now  that  some  of  the  special  Interests  have  been  brought  to  light,  it 
appears  appropriate  to  examine  the  hydrologic  engineer  and  planner  in 
terms  of  bias.  Theoretically,  these  two  disciplines  should  have  little 
reason  for  bias  In  the  formulation  of  flood  damage  prevention  methods. 

Their  approaches  should  apparently  be  Indlscrlmlnatlng  with  just  consid- 
eration of  all  aspects.  Traditionally,  planners  have  tended  to  give  most 


weight  to  economic  optimization  in  their  selection  of  flood  protection 
plans.  This  attitude  is  primarily  based  on  the  limited  Federal  budget 
in  water  resource  development  and  the  desire  to  provide  as  many  as 
possible  with  the  advantage  of  flood  control.  While  this  is  a worth- 
while goal,  intangible  considerations  can  be  overlooked  or  given  cursory 
treatment.  Hydrologic  engineers  on  the  other  hand  have  been  primarily 
concerned  about  the  functional  capability  and  safety  aspects  of  individual 
projects.  While  this  viewpoint  results  in  effective  projects,  it  also 
limits  the  number  of  people  and  communities  that  can  be  benefited  by 
flood  control  works. 

ELEMENTS  OF  FORMULATION 

The  determination  of  economic  optimization  of  a flood  protection 
plan  will  depend  to  a large  extent  on  assumptions  made  in  the  evaluation. 
Many  of  these  assumptions  should  be  made  by  experts  in  hydrologic  or 
other  engineering  fields.  The  operation  of  a reservoir  for  example  will 
depend  on  the  capability  and  reliability  of  facilities  provided  as  well 
as  downstream  controls  and  the  availability  of  qualified  personnel  to 
perform  the  operation.  A good  many  regulation  schedules  are  based  on 
inflow  forecasts  which  are  difficult  to  make  with  a high  degree  of 
accuracy.  It  is  therefore  important  that  reservoir  control  assumed  in 
planning  studies  be  based  on  realistic  forecasts,  rather  than  on  perfect 
hindsight  obtained  from  flows  of  record.  The  type  of  flood  protection 
provided  will  also  have  a significant  impact  on  how  the  benefits  are 
determined.  Some  projects  such  as  channel  improvements  may  continue  to 
provide  benefits  wlien  the  design  flood  is  exceeded.  In  other  projects 
benefits  cease  when  the  design  flood  is  exceeded  because  of  loss  of 
control  or  failure  of  the  project. 

Generally,  benefits  are  not  claimed  for  the  freeboard  range  on 
proposed  levees  and  floodwalls.  Freeboard  is  designed  to  assure  passage 
of  the  project  design  flood  and  is  provided  to  account  for  those  uncer- 
tain factors  not  Included  in  hydraulic  computations.  However,  there  is 
usually  reasonable  assurance  that  a flood  somewhat  larger  than  the 
design  flood  could  be  passed  without  failure  if  there  is  no  significant 
erosion  or  structural  collapse.  Therefore,  if  structural  conditions 
are  particularly  good,  there  may  be  a basis  for  partial  credit  of  free- 
board benefits.  Ihis  credit  would  also  depend  on  the  absence  of  restricting 
bridge  openings  or  other  problem  areas  where  debris  could  acciimulate. 

When  evaluating  the  benefits  of  existing  projects,  the  uncertainty  of  free- 
board utilization  may  have  been  reduced  by  the  actual  passage  of  floAds 
greater  than  the  design  flood.  However,  consideration  should  be  giv<.  ' to 
those  factors  permitting  passage  of  the  flood  without  damage,  r fortui.;.ous 
conditions  may  have' been  prevalent  which  would  not  be  likely  during  a 
subsequent  flood.  Caution  is  directed  against  claiming  the  ability  to  pass 
floods  greater  than  the  design  flood  even  if  some  economic  benefit  is 
claimed  for  freeboard  allowance. 
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The  well  being  of  protected  citizenry  has  to  be  evaluated  if  flood 
control  plans  are  to  be  properly  conceived.  Although  an  important 
element  in  formulation,  well  being  is  much  more  difficult  to  determine 
than  economic  evaluation.  One  basic  tool  in  this  evaluation  is  establish- 
ing the  consequences  of  exceeding  the  design  flood.  If  a sudden  failure 
of  the  project  or  an  abrupt  Increase  in  flood  discharge  could  occur, 
caution  should  be  exercised  in  providing  an  intermediate  degree  of  pro- 
tection for  an  urban  area.  It  may  be  better  to  select  a lower  or  higher 
degree  of  protection  to  minimize  the  possibility  of  a catastrophic 
event.  The  higher  degree  of  protection  reduces  the  probability  of  the 
event  whereas  the  lower  degree  reduces  the  severity  of  the  event.  Some 
aspects  of  well  being  which  are  not  subject  to  economic  assessment  are 
(1)  removal  of  the  constant  fear  of  being  flooded,  (2)  iiiq>roved  neighbor- 
hood pride,  (3)  reduction  in  health  hazards,  and  (4)  ability  to  obtain 
loans  and  Insurance. 

A measure  of  well  being  in  flood  protection  is  the  performance 
standard  or  degree  of  protection.  It  has  been  generally  concluded  that 
flood  protection  from  the  standard  project  flood  would  be  about  the 
upper  limit  of  protection  sought,  provided  economic  and  other  considera- 
tions warrant.  Therefore,  flood  protection  approaching  the  standard 
project  flood  should  give  a high  sense  of  well  being.  A common  f'  'ing 
in  the  formulation  of  flood  protection  has  been  the  reluctance  to  .rry 
project  design  beyond  the  point  of  economic  optimization.  In  order  to 
show  allowance  for  well  being  and  other  intangibles,  the  selected  degree 
of  protection  must  be  greater  than  the  tangible  optimum.  Otherwise,  it 
must  be  concluded  that  the  only  return  from  the  project  is  monetary 
benefit. 

Aesthetic  considerations  are  a must  in  flood  control  formulation, 
particularly  in  these  days  of  environmental  concern.  Without  such 
treatment  there  is  little  likelihood  of  having  plans  accepted  by  local 
interests.  Ihere  have  been  many  notable  instances  in  recent  years  where 
large  sums  of  money  have  been  expended  to  preserve  an  item  of  archaeo- 
logical Interest.  In  other  locations  dams  have  been  prohibited  or 
changed  to  another  site  to  prevent  the  loss  of  a scenic  view.  Certainly, 
most  employees  of  the  Corps  are  involved  in  some  way  with  the  environ- 
mental impact  statements  required  for  flood  control  activities  as  well 
as  other  Federal  programs.  These  statements  are  to  include  all 
significant  impacts  of  a project;  however,  aesthetics  and  ecology  have 
been  receiving  major  eoq>hasls. 


COJCLUSION 

In  conclusion  it  seems  inevitable  that  an  interface  between  the 
planner  and  the  hydrologic  engineer  must  be  consummated  to  arrive  at  a 
proper  mix  of  performance  with  economic  gain  in  sound  flood  control 
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formulation*  This  mix  should  be  blended  with  other  Ingredients  on 
ecology,  aesthetics,  and  local  participation  to  achieve  a project, 
formulated  with  equity  for  all  considerations.  In  selecting  the 
proper  design  flood  perhaps  we  should  lnq>ose  rules  that  would  Increase 
project  costs  beyond  maximum  net  tangible  benefits  to  a somewhat  larger 
design  flood.  Minimum  percentage  amounts  could  be  provided  depending 
on  the  type  of  area  being  protected.  This  would  assure  an  automatic 
allowance  for  those  intangible  benefits  associated  with  all  projects.  If 
flood  protection  plans  are  to  be  adopted  in  the  future,  their  Impact 
on  mankind  as  well  as  wildlife  must  be  emphasized.  Inqjact  statements 
should  not  be  developed  with  a negative  tone  unless  a particular  project 
would  in  fact  cause  net  adverse  effects.  In  such  cases  the  Corps  should 
not  be  recommending  the  development  of  the  project.  However,  when  a 
good  project  is  proposed,  the  impact  statement  should  not  be'confined 
to  magnifying  minute  adverse  effects.  As  that  old  song  lyric  goes,  we 
have  to  "accentuate  the  positive"  and  "latch  on  to  the  affirmative." 
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EFFECTIVE  DSE  OF  HYDROLOGIC  ANALYSIS  IN  INTERDlSCTPLIMAg  PLAM  FOBKDLATmw 


by 

Carl  H.  Gaum  y 


INTBODUCTICW 

Ae  development  and  presentation  of  hydrologic  data  and  analysis  for 
Corps  of  Engineers  reports  must  In  this  age  of  multi-objective  planning 
be  more  responsive  to  the  needs  of  the  various  disciplines  Involved  In 
water  resources  planning.  In  the  past  the  major  effort  has  been  to 
determine  the  criteria  for  hydraulic  design  and  for  the  economic 
analysis  of  the  project.  Only  minor  effort  was  devoted  to  some  of  the 
environmental  and  social  problems.  However  with  new  and  often  major 
Interest  In  these  areas,  new  parameters  must  be  given  attention  In 
the  hydrologic  studies.  The  audience  that  previously  reviewed  our 
teports  has  also  dianged.  Today  we  have  biologists,  geographers, 
naturalists,  environmentalists  Interested  In  water  resources  planning, 
ranging  from  the  expert  who  hae  devoted  his  life  to  some  speciality 
to  die  grade  school  child.  These  people  are  wanting  to  know  what  It 
Is  we  are  proposing  to  do  and  how  It  will  effect  the  natural  and  social 
environment.  In  this  paper  some  of  these  new  Interests  and  how  they 
effect  our  studies  will  be  discussed.  The  presentation  enphaslzes  the 
anvlzonmental  Issues  since  the  tools  for  analysis  of  the  basic  physical 
data  and  economic  factors  are  generally  available. 

*^Tir***"T*  Plans. 

The  nation  recognizes  that  In  many  cases  we  are  approadilng  the  limits  of 
use  of  our  resources.  One  of  the  areas  of  concern,  at  least  for  particular 
sections  of  the  country.  Is  water  resources.  There  are  few  areas  of  the 
United  States  which  will  not  be  hard  hit  by  the  next  msjor  drou^t. 

Host  western  state  have  over  allocated  Irrigation  water  for  s dry  O 
year  and  In  the  eastern  states  resources  will  not  be  able  to  meet 
demands  for  municipal  and  indw trial  water  supply,  thermal  power 
cooling  and  waste  effluent  assimilation.  In  order  to  determlna  how 
the  nations  water  resources  availability  can  be  best  utilized  to  meet 
present  and  future  needs  the  Water  Resources  Council  has  been  making 
framework  studies.  The  studies  determine  the  needs  of  an  area  to  Include 
water  supply.  Irrigation,  conventional  and  pumped  storage,  navigation, 
recreation,  fish  and  wildlife,  water  quality,  environment  and  flood 
control.  Related  lands  needs  such  as  shore  and  land  erosion  prevention. 
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drainage  and  irrigation  acreage  are  also  Includes.  These  studies  examine 
in  broad  terns  the  alternative  ways  in  which  the  water  and  related  land 
resource  needs  can  be  met. 

One  way  to  more  effectively  utilize  the  resource  at  hand  is  through 
proper  utilization  and  control.  In  many  cases  the  extremes  of  runoff 
can  be  further  modified  to  provide  for  our  objectives.  However  in 
doing  this  we  often  change  the  balance  of  nature  by  changing  the 
Instream  and  shores ide  regimen.  In  the  nations  early  development  it 
seemed  as  if  our  resources  were  Ine^diaus table  and  the  changes  brought 
about  appeared  insignificant.  However  today  we  must  be  aware  of  the 
results  of  our  action  on  the  environment  over  the  longer  period.  The 
hydrologic  analysis  should  be  able  to  anticipate  some  of  these  problems 
or  at  least  give  the  various  experts  in  the  field  the  basic  data  needed 
to  pass  Judgement  on  the  effects  of  further  development  or  modiflcatioo. 

The  framework  studies  do  give  general  background  data  to  help  in  defining 
some  of  the  problems  to  be  expected  and  point  out  geographic  areas  which 
deserve  more  detailed  study.  The  frameworic  studies  hydrologic  analysis 
generally  consists  of  typical  hydrographs  for  a few  selected  locations, 
high  and  low  flow  peak  frequency  curves,  storage  yield  curves  and  some 
indication  of  sediment  loads.  Little  attention  has  been  paid  to  water 
quality  except  to  present  average  chemical  content  and  total  organic 
waste  loads  and  determine  flows  required  to  assimilate  secondary  treated 
wastes.  Obviously  much  more  data  is  needed.  For  example  generalized 
curves  and  regional  data  concerning  ranges  in  chemical  quality  and  water 
temperature  over  time  are  required.  Generalized  heat  budget  analysis 
for  typical  reservoirs  in  various  parts  of  the  region  would  be  helpful. 
Flow  volume  analysis  for  selected  locations  would  also  be  helpful  to 
obtain  the  quantity  of  chemical  constituents  in  the  stream,  lake  or 
estuary  at  any  time.  In  our  studies  of  imtuaries  many  needed  hydrologic 
analysis  covering  all  parameters  are  lacking.  Guidance  is  needed  from 
ecologists  to  select  key  parameters  needed  for  further  study  of  the 
estuaries  life  cycles  and  regimen. 

Regional  or  River  Baa in  Plana 

The  river  basin  and  regional  studies  under  the  Water  Resourcee  Council 
are  assigned  to  determine  for  smaller  hydrologic  units  or  major  matro- 
politan  areas,  the  time  and  place  of  needs  and  develop  an  early  action 
plan  to  provide  for  these  needs.  The  early  action  plan  will  present 
the  location  of  the  needs  and  indicate  the  best  alternatives  to  be 
further  investigated  in  the  li^lementatlon  studies  of  the  individual 
agsncy,  state  or  local  interests. 

For  these  regional  or  river  basin  studies  hydrologic  analysis  should  be 
in  more  detail  (than  for  frameworks  ) for  the  selected  alternatives 
Ad  hence  generally  require  only  minor  modification  for  use  in  the 
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survey  report.  The  hydrologic  analysis  should  cover  the  broad  spectrum 
of  all  problems  and  needs  and  the  interdisciplinary  means  of  solution. 

For  example,  ground  water  when  available  should  be  considered  as  an 
alternative  for  low  flow  supplementation  in  lieu  of  reservoirs  storage, 
and  advance  waste  treatment  considered  in  lieu  of  flow  supplementation. 
Nevertheless  the  full  effect  of  these  alternatives  must  be  carefully 
evaluated.  For  example  excessive  punq>ing  of  ground  water  may  change 
the  low  flow  regimen  of  a stream  and  modify  the  base  flow  rates  after 
pumping  ceases.  Tertiary  treatment  where  the  effluent  is  used  for  irriga- 
tion or  otherwise  diverted  may  reduce  the  base  stream  flow  since  withdrawl 
has  not  been  returned  to  the  stream.  The  return  flows  are  often  needed 
downstream  for  water  supply  or  waste  assimilation.  In  heavy  industrial 
areas  consumptive  uses,  particularly  for  power  plant  evaporative  cooling, 
may  be  so  great  as  to  require  make  up  from  reservoir  releases  to  assure 
that  the  existing  stream  regimen  is  maintained.  The  quality  of  water 
being  released  from  the  reservoir  must  also  be  recognized  prior  to 
construction  if  flow  supplementation  is  to  be  effective.  In  areas 
where  there  are  large  irrigation  return  flows  to  streams  the  dissolved 
solids  may  be  increased  significantly.  The  hydrologist  should  consider 
the  effect  of  these  types  of  modification  in  his  analysis  for  the  regional 
or  river  basin  plans.  The  volume  of  flow  and  data  on  average  water 
quality  are  no  longer  sufficient.  Maps  should  indicate  those  areas 
where  we  need  to  be  particularly  careful  in  our  project  analysis  to 
be  sure  we  cover  aspects  that  are  important  to  all  environmental 
concerns,  not  just  fish  and  wildlife.  For  example,  there  is  a plan 
to  use  water  from  the  Potomac  upper  estuary  in  time  of  drought  for 
water  supply  for  Washington,  D.  C.  The  water  is  generally  fresh  but 
contains  the  effluent  from  waste  treatment  plants  from  most  of  the 
Washington  area.  Since  the  Nations  Capitol  attracts  persons  from  all 
over  the  world,  there  would  appear  to  be  a great  danger  of  disease 
vectors,  particualry  the  viruses.  We  must  be  sure  that  waste  and 
water  supply  treatment  techniques  are  available  which  will  remove 
all  risks  prior  to  using  this  alternative. 

SURVEY  REPORTS 


In  the  early  stages  of  the  survey  report  or  Implementation  studies  we 
have  selected  the  specific  problems  to  be  solved  and  have  narrowed  down 
the  alternative  solutions  to  those  which  have  a reasonable  likelihood 
of  being  economically  feasible.  Often  we  have  selected  the  best 
engineering  method  of  satisfying  the  needs  but  have  not  adequately 
considered  environmental  or  social  factors.  We  now  need  the  more 
specific  data  to  make  sure  the  project  has  overall  feasibility  not 
just  economic.  We  must  answer  the  questions:  Is  what  we  propose 
to  do  economically  sound?  Is  it  environmentally  acceptable?  Will  it 
provide  for  the  physical  and  social  needs  of  the  area  and  does  it  fit 
logically  into  other  plans  and  programs  for  the  region  or  area?  Will 
the  project  Itself  create  problems  by  attracting  undesirable  development? 


I believe  the  water  resources  planner  should  also  ask  the  question,  if 
we  build  this  project  will  it  have  a long  range  benefit  on  the  area 
and  its  people  or  will  it  in  future  years  create  just  another  blight. 

We  must  therefore  be  able  to  project  the  hydrologic  affects  needed  for 
analysis  of  a broader  spectrum  of  factors  than  in  the  past.  The  hydrologic 
analysis  for  survey  reports  must  be  fairly  well  refined  and  the  accuracy 
of  the  work  reliable  and  within  .he  limits  of  the  other  parameters  available. 
Nevertheless,  it  is  obviously  wastefull  to  spend  a great  deal  of  time 
to  refine  hydrologic  analysis  when  the  remainder  of  the  data  if  must  be 
used  with  is  not  of  similar  accuracy.  Often  much  time  is  spent  on 
mathematical  computation  to  improve  accuracy  to  the  "nth"  decimal 
point  when  the  basic  data  or  the  comparative  data  it  will  be  used  with 
are  not  of  that  hl^  a quality.  In  many  cases  details  are  developed 
which  are  not  needed  but  are  obtained  in  case  questions  should  arise. 
Unfortunately  the  files  are  full  of  answers  that  do  not  fulfill  the 
answers  to  questions  that  later  arise.  On  the  other  hand,  many  reports 
reviewed  do  not  present  the  basic  data  needed  to  analyze  the  alterna- 
tives used  to  formulate  a plan.  Much  detailed  data  is  often  presented 
but  it  is  not  in  the  right  format  or  of  the  right  accuracy  to  be  useful. 

Often  the  problem  is  that  information  is  not  presented  in  a logical 
sequence  or  in  a manner  easy  to  understand.  Therefore,  the  hydrologist 
should  have  some  knowledge  for  what  purpose  and  by  whom  studies  and 
calculations  are  to  be  used.  He  should  therefore  communicate  with 
the  other  disciplines  who  will  be  using  his  data  anu  determine  what 
information  will  be  useful  to  them  prior  to  getting  involved  in 
detailed  analysis.  He  must  remember  his  basic  calculations  are 
the  tools  with  which  others  are  to  analyze  various  inputs  to  do  the, 
job  of  plem  formulation  and  often  are  not  an  end  in  themselves.  Just 
as  it  has  taken  time  to  learn  to  coninunlcate  with  economists  we  must 
now  learn  the  language  and  needs  of  the  environmentalists. 

Water  resources  planners  whether  they  are  engineers,  economists,  geo- 
graphers or  what  have  you,  generally  do  have  a basic  knowledge  of 
fundamental  principals  of  hydrology.  However,  they  are  experts  in 
their  own  fields  and  unable  to  take  the  time  to  review  large  amounts 
of  background  data  even  if  intensely  interested.  Therefore,  one  of 
the  ways  to  make  hydrologic  analysis  more  effective  in  project  planning 
is  to  present  it  in  simplified  summary  form.  The  various  alternatives 
considered  should  have  brief  discussion.  Those  considered  in  more  detail 
in  the  analysis  should  be  backed  up  by  simplified  data  and  perhaps  the 
ranges  could  be  shown  most  effectively  on  concise  graphs.  The  detailed 
mathematical  and  other  data  should  go  in  the  appendices.  However,  the 
key  data  for  each  alternative  should  be  given  in  the  basic  report  in 
such  a way  that  it  can  be  easily  compared. 


Good  simple  diagrams  having  the  critical  data  for  each  alternative 
highlighted  can  help  the  planner  and  reviewer.  Detailed  diagrams  which 
require  major  study  are  not  necessary  or  desired  and  may  be  confusing 
in  the  basic  reports.  However  they  should  be  available  when  needed 
for  the  more  specific  design  analysis. 

Remember  the  purpose  of  the  survey  report  is  to  determine  if  the  project 
is  engineeringly  sound,  has  economic  feasibility,  is  environmentally 
acceptable  and  that  the  selected  project  or  program  can  be  operated 
in  a manner  to  achieve  the  benefits  desired  over  a long  period  of  time. 
The  benefits  may  be  in  dollars,  environmental  or  social  betterment  and 
all  must  be  considered.  Todays  projects  generally  serve  several  purposes 
and  no  major  conflicts  in  use  or  effort  should  occur,  or  should  be 
minimized. 


DESIGN  MEMORANDUM  OR  DEFINITE  PROJECT  REPORT 


At  this  stage  we  are  defining  the  actual  design  criteria  and  must  have 
the  specific  data  required  to  make  the  project  function  safely,  economically 
and  with  reliability.  At  this  point  the  selected  alternative  chosen  in 
the  survey  report  to  solve  the  problem  deserves  detailed  hydrologic 
analysis  sufficient  to  assure  adequate  hydraulic  design.  For  exanple 
if  it  is  a dam,  the  elevation  and  size  of  spillway  must  be  sleeted  to 
pass  the  design  flood  and  give  the  desired  flow  control  downstream, 
assure  that  velocities  will  not  exceed  those  acceptable  for  materials 
in  the  spillway  and  keep  the  pool  within  that  stage  allowed  by  shoreside 
conditions.  The  effect  of  various  alternatives  should  be  carefully 
evaluated  to  assume  that  the  best  combination  is  selected  for  economic, 
environmental  and  social  considerations.  The  outflow  hydrograph  should 
be  shown  not  only  at  the  dam  site  but  also  for  several  critical  points 
for  long  distances  downstream.  In  some  areas  the  length  of  time  the 
stream  is  above  flood  stage  may  be  the  critical  factor. 

A range  of  historical  floods  or  selected  frequency  floods  should  be 
routed  through  the  reservoir  and  the  results  summarized  in  simplified 
terms.  The  public  has  a right  to  know  in  language  that  they  can  understand 
what  the  reservoir  can  do  and  cannot  do.  People  generally  relate  better 
to  known  past  events  rather  than  theoretical  data.  The  interested  public 
should  be  Involved  in  the  basic  planning  and  operation  decisions  and 
their  views  and  comments  should  be  sought. 

At  this  stage  the  objective  should  be  to  fully  test  the  plan  formulated, 
modifying  it  when  necessary  to  make  it  more  effective  and  to  point  out 
the  fact  if  one  finds  that  the  project  is  really  incompatible  with  the 
area  in  which  it  lies.  At  times  the  detail  analysis  discovers  problems 
not  previously  anticipated  which  can  have  serious  consequences  if  the 
project  is  implemented  without  giving  them  full  consideration. 
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Problems  In  current  reports 


Review  of  reports  recently  submitted  to  OCE  have  indicated  several  areas 
requiring  immediate  attention.  Some  of  the  problem  areas  are  associated 
with  the  environmental  aspects.  The  outflow  from  reservoirs  has  recently 
received  major  emphasis.  These  problems  range  from  the  reliability 
of  gated  spillways  at  times  of  the  spillway  design  flood  to  adequate 
control  in  selecting  minimum  discharges  and  obtaining  the  desired 
temperatures  and  dissolved  oxygen  at  times  of  low  flows  releases  to 
benefit  downstream  areas.  The  control  towers  and  gates  are  therefore 
comming  in  for  much  greater  scrutiny  during  reviews.  Instead  of  waiting 
until  final  design  some  of  these  items  dese  - attention  much  earlier 
in  the  study  program. 

In  many  cases  problems  result  from  reporting.  The  hydrologist  has  often 
made  the  necessary  studies  but  fails  to  make  their  results  clear  in 
the  report.  Misunderstanding  caused  by  lack  of  presentation  of  basic 
data  or  possibility  of  wrong  interpretation  of  that  which  is  presented 
results  in  lost  time  in  approving  reports.  Often  time  consuming  and 
hence  costly  meetings  are  required  to  resolve  questions  whose  answers 
should  have  been  obvious. 

Another  area  of  concern  has  been  interior  drainage  at  levee  and  flood- 
wall  local  protection  projects.  Hydrographs  are  seldom  developed  or 
presented.  Generally  one  is  given  a peak  discharge  for  a single  design 
storm.  The  only  problem  is  that  storms  normally  don't  occur  this  way 
and  a range  of  conditions  would  be  more  useful  in  presenting  the  effective- 
ness of  the  proposed  plan.  The  volume  of  interior  runoff  over  various 
periods  of  time  may  be  more  important  than  a peak  discharge  for  small 
drainage  areas  where  pumping  or  ponding  is  necessary  when  the  stream 
is  in  flood.  We  have  recently  reviewed  a report  in  OCE  where  combined 
sanitary  and  storm  sewer  discharge  bypassing  the  treatment  plant  during 
high  flows  created  serious  environmental  problems.  The  hydrologic  and 
hydraulic  design  was  quite  adequate  but  the  ponding  area  created  unacceptable 
health  and  aesthetic  problems.  In  this  particular  case  until  the  combined 
sewers  are  eliminated,  the  total  problem  can't  be  solved.  However  when 
such  a plan  is  developed  we  should  make  it  clear  to  the  people  in  the 
community  that  we  are  reducing  the  number  of  times  they  will  be  exposed 
to  sewage  in  their  back  yards  and  playgrounds,  and  not  solving  the  entire 
problem.  Although  it  is  not  economically  justified  by  present  standards 
to  provide  the  pumps  to  solve  the  problem  perhaps  the  health  needs  may 
be  the  overidlng  factor. 

There  are  indications  that  in  some  reservoirs  the  storage  of  acid  mine 
drainage  resulted  in  the  loss  of  the  natural  buffering  action  of  the 
stream  and  the  released  flows  are  less  satisfactory  than  the  natural 
ones.  Much  more  study  is  needed  to  determine  the  long  term  effects  on 
waters  stored  in  reservoirs. 
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The  hydrologic  analysis  of  estuaries  deserve  detailed  emphasis.  Much 
Is  being  done  but  more  work  Is  needed  to  help  the  marine  biologists. 
Studies  are  being  made  to  determine  the  effects  of  heat  loads  from 


nuclear  generating  plants  on  Oiesapeake  Bay.  Research  Indicates  that 
sudden  changes  In  heat  loads  may  be  more  critical  than  temperature 
Increases  themselves.  In  other  cases  pollution  has  caused  organisms 
to  be  less  tolerant  to  heat  changes.  Data  on  natural  background 
variation  In  temperature  Is  of  extreme  Importance  to  these  researchers 
In  applying  the  results  of  their  studies  to  project  field  conditions. 

We  need  much  more  data  Including  models  of  how  micro  organisms  may 
behave  under  varied  hydrologic  conditions.  In  the  past  most  of 
hydrologic  planning  has  been  for  Instantaneous  conditions.  The 
variations  over  time  both  short  and  long  range  need  much  more  study. 

For  example  does  the  flushing  of  a stream  or  estuary  by  floods  have 
a benefit  and  Is  It  required  In  the  life  cycle  of  certain  species? 

Or  on  the  other  hand  does  the  building  of  dams  deprive  downstream 
areas  of  sediment,  nutrients  and  organisms  which  under  normal  flow 
condition  have  a major  effect  on  the  stream?  After  the  dam  Is  built 
or  the  channel  dredged  we  seldom  can  ever  go  back  to  the  previous 
condition  yet  adequately  planned  resource  development  must  continue 
If  we  are  to  meet  the  nations  needs.  I have  touched  on  only  a few  of 
the  problems  that  require  the  help  of  hydrologists.  Table  1 presents 
a list  of  a few  Items  which  may  be  useful  to  environmentalists  In  planning 
water  resources  projects. 

The  hydrologist  has  been  doing  a good  job  and  has  often  been  ahead  of 
other  disciplines.  He  must  however  now  apply  his  natural  curiosity  and 
problem  solving  techniques  to  a broader  area.  We  have  generally  solved 
the  problems  of  "static  hydrology"  or  equilibrium  conditions  but  must 
now  turn  attention  to  "dynamic  hydrology"  If  we  are  to  more  fully 
evaluate  the  Impact  of  our  actions  In  the  field  of  water  resources 
development. 
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TABLE  1 


Items  which  could  receive  attention  by  Hydrologists  in  Water  Resources 
Planning  to  assist  environmentalists  in  their  analysis. 

1.  Water  temperature  - distance  profiles  downstream  of  low  flow 
reservoir  outlets. 

2.  Seasonal  impounded  and  estuary  water  temperature  curves  by  various 
depths . 

3.  Isothermal  maps  for  reservoirs  and  estuaries. 

4.  Iso-chemical  maps  for  reservoirs  and  estuaries. 

5.  Dissolved  solids  vs  season  and  runoff. 

6.  Suspended  solids  vs  season  and  runoff. 

7.  Reservoir  stage  frequency  during  drawdown,  or  because  of  evaporation. 

8.  Mud  flat  exposure  frequency  maps. 

9.  Wind  roses  at  reservoir  surface  to  determine  concentration  of 
wind  blown  pollutants. 

10.  Seasonal  nutrient  frequency  curves  for  combination  with  temperature 
data  to  determine  algae  growth  predictions. 


SUMMABY  AND  CGNCLDSIONS 


by 

Darryl  W.  Davla^^^ 


Papars  and  discusslona  at  thla  aaainar  focua  on  tha  rola  that 
hydrologic  anglnaarlng  haa  playad  in  pact  and  currant  planning  afforta. 
Hydrologic  anglnaarlng  analyala  tachnlquaa  for  uaa  In  planning  actlvltlea 
hava  baan  praaantad  and  dlacuaaad.  Foracaata  of  futura  ralatlonahlpa 
batwaan  hydrologic  anglnaarlng  and  planning  rangad  froa  the  view  that 
hydrologic  anglnaara  are  la  fact  plaanara  to  tha  view  that  hydrologic 
engineering  la  a apaclalty  aubjact  area  that  naada  little  Interaction 
with  the  plannlag  dlaclpllAa.  Tha  range  of  wlawpolnta  waa  conveyed  throng 
(a)  .caaa  atudlaa,  (b)  daacrlptlona  of  Intagratad  conputar  nodal  devalop- 
■ant,  (c)  daacrlptlona  of  tha  hydrologic  engineer 'a  rola  In  plan  f emulation 
and  evaluation  and  (d)  daacrlptleoa  of  hydrologic  anglnaarlng  data  and 
analyala  mqulraaanta  for  plan  fotnulatlon  and  evaluation.  Althou^  the 
aubject  waa  within  the  acope  of  the  aeailnar  aa  originally  defined,  no  pra- 
aantatlona  waxa  aade  on  the  laportant  topic  of  correlating  hydrologic 
outputa  with  tha  objectlvaa  for  the  developnent  and  aanagenant  of 
nation 'a  water  raaourcaa. 

The  hydrologic  engineer  hlatorlcally  aaaunad  a aajor  rola  in  tha 
Corpa'  planning  actlvltlea,  prlnarlly  bacauae  of  the  fundanental  livortnce 
of  hydrology  In  nanagenent  of  water  reaourcea.  The  planning  eaphaala  la 
ahlftlng  fron  that  of  control  to  that  of  nanagenent  in  a broader  context. 

The  hydrologic  engineer 'a  role  will  probably  ahlft  aa  a conaaquenca  fron 
that  of  tha  central  flgum  to  that  of  a partner  or  taan  nanbar.  However, 
hydrology  la  no  laaa  fundanantal  today,  and  tha  hydrologic  anginaar'a  work 
will  continue  to  be  fundanantal  to  planning  afforta. 

Tha  ralatlonahlp  anong  planning  partlcipanta  who  hava  tha  raapon- 
albllity  for  tha  final  product  of  a planning  effort  waa  tha  a«d)Jact  of 
conaldarable  dlacuaalon.  Tha  conventional  viewpoint  la  that  tha 
profaaalonal  planner  In  charge  of  the  atudy  ahould  aaauae  ultlaata  and 
final  raaponalblllty  to;  tha  plan.  Tha  aaainar  partlcipanta  agreed  on 
a aora  enlightened  and  broader  baaed  concept  of  "ahared  maponalbllity." 

In  thla  concept,  all  partlcipanta  In  a planning  atudy  ahould  aham  tha 
ultlaata  and  final  raaponalblllty  for  tha  plm.  The  conaanaua  waa  that 
the  ahared  raaponalblllty  concept  ahould  alao  extend  through  tha  project 
conatructlon  and  operation  phaaaa  aa  wall. 

Conaldarable  evidence  pmaantad  Indlcataa  that  tha  focua  of  Corpa 
planning  actlvltlea,  and  thua  tha  atudlaa  requlmd  by  tha  hydrologic 


^^^Rydraullc  Bnglnaar,  Planning  Analyala  Srandi,  Tha  Hydrologic 
Inglnaarlng  Center,  U8  Amy  Corpa  of  Bagindara,  Davla,  California. 
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englBMr  will  be  In  the  urban  areas  with  ita  attendant  problens  of 
envlronaental  quality,  open  apace,  and  recreation.  The  narket 
for  the  awre  traditional  Corps  products  of  large-scale  water  resource 
developaents  seens  to  be  dlalnlshlng,  at  least  for  the  innedlace  future. 

There  la  also  evidence  that  because  of  the  rapidity  with  idiidi 
specific  objectives  of  society  are  changing,  and  further  because  of 
rapidly  changing  conditions  In  the  watershed,  that  study  schedules  are 
being  accelerated  and  will  probably  continue  to  be  accelerated  la  the 
future.  This  was  forceftilly  enphaslsed  In  the  case  study  presentations, 
each  of  whldi  was  on  an  accelerated  schedule. 

The  lapllcatlons  of  accelerated  schedules  and  the  shift  to  an  urban 
orientation  are  aany-fold.  It  la  clear  that  the  present  technology 
for  urban  hydrologic  studies  la  Inadequate.  The  hydrologic  analysis  nuat 
consider  runoff  conditions  on  water aheda  idioae  runoff  characteristics  are 
changing  very  rapidly.  The  historic  records  are  no  longer  reliable  saeples 
of  what  the  future  runoff  sight  be,  and  the  changed  watershed  conditions 
that  nay  be  encountered  are  functions  of  the  planning  activity  Itself. 
Alternative  future  land  use  patterns  can  be  substantially  influenced  by 
alternative  plans  and  thus  cannot  be  studied  In  Isolation.  This  further 
serves  to  snphaslse  the  Increased  coordination  and  Interaction  needed 
be^^wten  all  eleaents  of  the  planning  teant  the  hydrologic  engineer,  those 
stuping  land  use  projections,  those  fonulatlng  alternative  plans  and 
those  who  wist  coordinate  all  activities. 

The  types  of  alternatives  to  be  evaluated  In  urban  areas  will  focus 
on  the  alcroscale.  Many  snail  10-  to  50-aere  detention  storage  reservoirs 
nay  be  the  only  feasible  aeans  of  storing  atom  water.  The  storage  sites 
will  uadoiAtedly  have  to  serve  other  open  space  uses,  such  as  parks,  green- 
belts  and  golf  courses.  The  prograas  devised  aust  be  In  latliwte  consonance 
with  coaaunlty  objectives  since  the  facilities  becoas  a part  of  the  fabric 
of  the  coaaunlty.  The  hydrologic  engineer  and  other  aaabers  of  the  plan- 
nliig  teaa  will  have  no  choice  but  to  get  Involved  with  the  public  if  they 
are  to  propose  and  evaluate  viable  alternative  prograas  to  asst  the  goals 
of  the  urban  dweller. 

New  types  of  hydrologic  and  other  Integrated  coaputer  aK>dels  will 
probably  be  required.  The  traditional  nodal  has  bean  one  that  siaulates 
a particular  altemstive  In  considerable  detail  and  Is  thus  quite  useful 
In  dateralalng  the  attributes  of  various  altamatlves  of  scale,  i.e. , 
different  sises  of  a given  reservoir  or  diaxmal.  In  the  urban  setting, 
aaay  different  altematlvas  in  kind  will  need  to  be  fomuleted  and  evaluated. 
Models  are  needed  that  will  peralt  evaluation  of  those  aany  alternative 
kinds  of  prograas  If  planning  la  to  do  justice  to  the  aultlple  objective 
philosophy  of  nanageaant  In  an  axtraasly  dynaalc  envlronaent. 
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There  was  considerable  discussion  on  Che  philosophy  of  model 
development  and  application.  Some  seminar  participants  argued  that  the 
models  should  be  firmly  founded  on  the  physics  of  the  process.  It  was 
agreed  Chat  this  was  a desirable  goal,  but  others  countered  that  the 
present  state  of  technology  In  hydrologic  engineering,  economics  and 
other  disciplines  Is  such  that  recourse  to  empiricism  Is  necessary  now 
and  will  probably  continue  to  be  necessary  for  quite  some  time. 


The  Important  concern  should  be  that  the  model  be  constructed  so 
that  It  can  be  easily  changed  to  correspond  Co  differing  assumed  future 
conditions.  In  other  words.  It  Is  Important  that  Che  model  parameters 
be  related  to  the  physics  of  the  process  being  modeled,  but  It  Is  not 
necessarily  Important  that  Che  parameters  themselves  be  physical 
quantities.  The  models  discussed  at  the  seminar  were  primarily  concerned 
with  traditional  analysis  techniques  and  were  constructed  by  use  of  para- 
meters related  to  physical  quantities. 


Many  Implied  definitions  of  planning  were  used  by  Che  seminar  partici- 
pants during  their  presentations  and  discussions.  Those  who  Implicitly 
defined  planning  as  problem  solving  seemed  to  limit  Che  alternatives  to 
those  Chat  would  inmedlately  solve  the  Identified  problem.  Others  who 
Implicitly  defined  planning  as  devising  means  to  achieve  goals  and  objectives 
had  a considerably  broader  viewpoint  of  Che  alternatives  available  for 
consideration.  It  Is  suggested  here  that  It  would  be  to  the  advantage  of 
all  to  broaden  the  concept  even  further  to  consider  planning  as  "Chose 
activities  needed  to  define  Che  objectives  (often  not  considered  part  of 
planning  but  as  given  by  others)  and  devise  the  action  programs  that  will 
best  meet  the  objectives."  In  this  light,  "needs"  Chat  must  be  met  (a 
fallacy)  are  not  Included,  nor  are  "problems"  specifically  Identified  as 
requiring  "solutions."  This  proposed  viewpoint  in  planning  should  lead 
to  a broader  perspective  of  the  planning  task  by  the  participants  In 
planning  activities. 


Conclusions  Chat  appear  appropriate  as  a result  of  this  seminar  are 


1.  Hydrologic  engineering  continues  to  be  a fundamental  component 
of  planning.  The  planning  "team"  should  Include  a hydrologic  engineer. 

2.  Research  efforts  to  Improve  the  technology  for  performing  urban 
hydrology  studies  should  be  continued  at  a high  rate. 


Research  to  develop  techniques  for  rapidly  evaluating  alternatives 
as  well  as  alternatives  In  scale  should  be  undertaken. 


4.  Planning  should  be  considered  as  the  activities  needed  to  define 
the  objectives  and  devise  the  action  programs  necessary  to  meet  those 
objectives. 


